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I Computer as Prosthesis. : 1, L \ Goldenberg . ’/

\

0. lritroduction:

A

»

Computers can be used to provlde'a radical lm'provement\ln the scope art'd quallty'of life [

EN ,  fora large class of people whose autonomy is seriously diminished. by handlcaps such as

. o : ¢
deaf ness. autlsm or cerebral palsy. . ' . /
{

.The key idea is quite simple: - ' : NS o o
1. If you have yoluntary control of any muscle, there currenitly exists § -

' . adevice that allows you to operate:an electric typewrits: -

-

2. If you can'controla typewriter, you can control a computer. © © ' [

3. If you can control a computer, you have a powerful tool for o ]

h commurrication and access to a vast range of valuable educational, o
vocatlonal and recreational actlvntles . - ;

This ;paperffocussés on the third step of this idea and grows out of work done'a[t;e,
| Artlflclal Intelllgcnce Laboratory of Mauachusetts Instltute .of Technology l gr"n}tfully '
acknowledge the philosophical contrlbotlons of Seymour }apert director of thelLogo .
Group at the laboratory The work depended both on the tech‘no ykthat grew out Lf’ that
philosophy and on the patience ‘which that phlloso hy foh project that -wat[s'often ’
_ vlewed as a distraction from thc dally work of the Logo Group ‘T am also deeply mdebted :

to the many Logo staff who helped in the deslgn of the programs, | the teaching: and the

f

documentation. In par_tlcular. Ellen Hildreth devoted oconsiderablg/‘and effort th:roughout

the pilot s‘mdles in all phases of the projest. Bryjce Edwards handled mostf*'of‘ the ihard'ware

‘. T -+ and s‘ystemlsoftware needs including the 180 mile emergency- trip’ to mal‘ce needed

ad justments. Margaret Minsky, Ron Lebel:“l-len;y Minsky and Jonathan Miller (the latter

_two, high school students) also contrlbugil imnolensel,y to the project. I am also very gr:atf ul

-

-
J

v




Computer as Prosthesis - ' 2 ) 'Goldenberg

to the staf/’f of The Crotched Mountain Center in Greenfield, New Hampshire -- in

particular to Dan Steinberg whose energies kept bringing the Mountain to MIT; until MIT
was convinced to go o the mountain, and to Clinton Hilliard and Dr. Thom.a,s Benson
who had worked behind the scenes all along to support this project. "Finally. there is Dr.

Leo Geoffrion of the University of New Hampshire, who In.itially introduced me to 15an

4

Steinberg and, with Dan, first shifted my attention to cerebral palsied children. Leo has
-~ ) ’

¢ -

also made nuinerous valuable: intellectual and editorial contributions to the numberless

drafts of this paper.

0.1 The Technology:

v

. The application of electronic technology to aid communication for the severely handicapped
N . , i
PSS

< person is not, relative to the technology itself, a new idea. Such aids have been reported as

» .

\J g

far back as 1957 [LaVoy 1957) and continue sporadically to appear in the literature. (Foulds
and Gaddis 1975, Kafafian 1973, Luster and Vanderheiden 1974] Yer, despite the

availability, variety and power of these ‘devices — and despite the age of some of them —

3

they are not yet well known or widely used. The most recent text on cerebral palsied
children catalogued in the Boston Medical Li‘brary (part of the Harvard Library system)'-

a 1974 text and resource book on their diagnosis, treatment and education -- makes no

S

\ - mention of electronic adapti‘v" equipmertt, biofeedback or cpmph'ters. despite ;7‘4‘-»« 0f

an entire chapter devoted to adafive devices. \[Marls 1974] Where c'ompufers e used, their

-

v use is generally restricted to‘tmditional\gputcr aided instruction (CAI) models. There are

two reports of. educational/therapeutic uses of computers which do not fit (lhrad{itional
' ‘ L

p
* - X

o
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’

~
-

CAI model: Colby [1973] and Wier and Elpanuél (1976] used the computer to catalyse
* communication in an autistic child. Dtsﬁite the fact that much c;f Colby's rationale wa;
reported five y;ars ago [Colby 1971}, the field still rcﬁalns essentially unexplored.
. Microprocessors ar.‘e currently being added t;) the communication devices of Foulds and

Vanderheiden, and there_were some earlier efforts using computers as communication alds

\

— aids rather than teachers — notable among them the work of Eulenberg and Taliman.
Eulenberg has developed a speech prosthesis for non-vocal persons [Eulenberg 1976] and

Tallman [Taliman 1976] has reported work on a computer aided communication system also

~

\ for the non-vocal. - L
: /
B

' -
' . . 02The Philosophy: ' -

v 1Whileit is certainiy_ the case that cultural lag is at least part of the reason that these devices

and techniques are neither in wide use nor, for the most part, in good use where they are

known; it is my contention- that an even more central problem is that our technological

BN Jknowhow and phibsophfcal outlooks are out of phase with each other.

What we try to accomplish -- and, perhaps more to the point, what.we do not try to-

accomplish - in habilitation and education of the handicapped is limited by what tools and

/

. . .
our "normal” ethnocentrism -- of what a

‘ technlques?i_we have available and what ultirpate success we expect is possible. It is also
. . !
influeniced by our view -- perhaps limited 3

normal life must include. (Vernon and Makowsky 1969) Thus we may try for goals that are -

’

unrealistic and basically unnecessary, thereby frustrating the ha-ndicappéd p'cr'son‘. At Athe

7 . < .
. A .
. R L4 o . L

e " = ~
< 7‘
L}
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AN

same time, we may reject goals which seem (0 us unattainable, but which could be expected

,
R

- with a more appropriate pedagogy or technology., It is probably just as well that | do not at
0 = - Y
. : ~ ¢ -

the moment recall who it was who Studied the effectiveness of music in improving the life

of the *ong-term institutionalized mental pauentlby installing a stereo system and'mgasuring- ‘
. . a

.

4

the decrease in day-time pants-wetting. [ have no doubt that they did, indeed, wet their

v

pants less frequently, nor do I question the validity of that observation as a measure of the

w

tmprovements of their lives - not to m=ntion the lives of their attendants. Certainly, one

1]
v

cannot question the importance of improving the lives of these people in any way, no

~

\

matter how small. But contrast that research on improved living with the unfortunately '

less common view of Alan J. White, director of Project SEARCH. [HEW 1976)

" [Connecticut] has lorg had good programs to develop high creative
potential among schoolchiliren where it was found to exist, but only
v in the last year has a serious effort been made to look for these
\ talents among: children who have learning disabilities or emotional
" disturbances, or who are so crippled or palsled they cannot work or

_talk or hold a péncnl to paper.

By ‘extensive and innovative t,esﬁng. it was found that 12 percent of
" the handicapped children who were studied were gifted, roughly
_~  three times as many as in the general school population....

The-first surprise..was that two-thirds of ?}i‘}i\! handicapped
children..were capable of being tested. They had expected to be
able to test a quarter of them at most. “This group has cxceptlonal
potential for growth and tralmng and creative activity in the arts,”
Mr. White said. . He suspected that families and teachers looked too
seldom for the creative spark that might be therc because they spent .-
all their agony and attentibn on the child’s handicap. "They look ~ ©
for the defects and try to bring thése up to strength,” Mr. White
said. "When a child does have a strength, the parents turn away

" from it and say, 'Thank goodness we don’t have to do gnythmg
about that’ My feeling is we should be building on those strengths.”
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-If Mourt had had a severs speech delect that was given more attention than his plano

.pliylng. we would never have heard of him! And how vast a segment of our popnlatlon'

~ i -

) - would be ineducable and unemployable and, no doubt, would seem intellectually and

soclally retarded if we, living in our current and complex society, were to lack the
A .
A

technology needed to create eyeﬁl;sses?

When we use the term "speclal needs” in reference to handicapped children, the ho.pe' IS to

)

convey an image of capability desplte a dependency on some speclal services. But we

a

frequently forget that it is the services and not their needs that are. specnal They begin
wlth the same needs that anyone‘else has, but remain needy betause we are emotionally or
socially or technologically unready to meet thase needs. One purpose of this pa(;er will be
to present an image of how a powerfulykicomputer technology can replace (or make

unneCesSary) some of the functions lost oy a handicapped child and thus enrich and

'y

enhance his life. Several-significant changes in current practice in special education are

Lt "required; the technology imakes such change both possible and promising. Specific
\ ‘ Vo | .
examples from early pilot studies will illustrate these proises.

03 The Psychology

!
-t

These experlences are, in themselves a source of new and luable datawabout
. .

-

developmental processes. Much of current cogmt‘ive psychological theory is dominated by

o . .

' notions that passive observation of our environment is |nsuff|cient\(or Iearnmg whether

_ \ that Iurnlng is at the perceptual organtutional Ievel or whetrtgr it involves the so called

3

. N

W
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higher cognitive processes. Indeed, serious probleins are posed for this kind of theory when
: - r .

-

~a severely physicall'y handicapped person who has never passed ‘normally through the

sensory-motor stige of development 1s able after a few minutes time to match in style and

detail the typical performance of a bright able-bodied fifth grader on a drawing task that’

& : :
requires considerable sensitivity to angle and dimension. If we are to understand Piaget

- properly, we must conclude that there 1s no such thing as the “passive” receipt of input

from the environment. The perceiver (not receiver) is constantly selectma processing and

interpreting the stumuli, even if he is severely physically handicapped, and this is clearly a,

I'd

very active participation. Such has been our experience with a cerebral palsied adolescent,

Jay, who has never had any useful functioning of his hands or ,arnjs (they are, in fact,

strapped down to p'ro'_tgct.them and keep them out of his way). any use of his legs at all, or

. : «
“any speech. This observation becomes even more exciting when contrasted with the fact
_ - .

"that Jay was for the first time demanstrating a high level of analytic and spacial abihty

and that he had been seen as retarded by several of the p_éople who worked with him.!

[N . - N ' ,
e . .
After orily three days in the Logo environment, Jay's achievements were already enough to

make a d(,',férence to his life not only because his own image of himself as a learner had

impraved through a uniquely smulating intellestul experience but because those who take
care of him had seen a new dimension of his mind. Moreover, this fast and dram%tic

'gffect_?s by no means t\;een limited to a few of thé'children with whom I worked. ‘Having

access to a powerful technology which one.can control oneself and with’ which one tan

7

_experiment and get direct and immediate feedback creates suchr a strikiw these

s
L4 .
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o

children’s sense of ldtonomy that it 1 almost not 'surpr‘mng that they. typically perform

.

~

“miracles” in their first few minutes working with the computer  An aytistic adolescent
observed to be mute and assumed to be deaf would spﬁk his first words to the robot turtle,

and child after child assumed to be mentally retarded would show clear evidence of normal
} .

+  or better 'Inrellectual ablhty These surprues give important lessons. in the handling of the

: severely hmdlapped mdlvndual and raise hard questions about Currently accep(ed theory
\‘ §

‘as well as clinical pnctlce. I cannot hope to answer most of these questions here, but feel 1t

essential that the evidence be presented so that these questions. which had previously been

[ P

considered somewhat settled, can be operied up once again.

0.4 The Monay: . )

It is estimated that about 100,000 victims of cerebral palsy are upable to communicate I

vocally as a result of their condition, and nearly 3\60000 are unable to write. (These L
f L . o .

4

estimates do not include individuals who have cer,(ral |ahgua§e impairments due

. example to severe retardation, but lncludeionly those whose commumcatlob 18 Iu"mted a} the

»
P

motor level) The technology requrred to amellome thls communication handicap ¢ all

. currently existing at least at the prototype level None of it depends on designs or devices
that oould not be avallzble within a matter of months The human payoffs are, therefore

- qulte reahsuc. Funhermore the expectable alternauve for most of the severely physlcally

’ '

: hmdiczpped individuals is a life of total support from governmental and prlvate agencies.

-

, This cost, during schoolmg prior to age 21 is not uncommonly as high as $20,000 per year.

-

After the age of majortty the cost may go down but with an expectably drastic cut in,

A ~

11
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services as well  FEstunates of hfetine suppod “for an 'lnsumln(m.alllﬂl,‘m[.nlly disabled

.

v . M

Y. . .
person range upwards from 8500000 No matter' how greatly we improve the edycational
and recreational as;ﬁcu of the handicapped person's life, we are sull only providing

bandaids untul we can solve the enormosly tragic-feeling of uselessness. A life vegetating

- expensively, even with stereo, just cannct compare with a self -supperting life of qu&oﬁally

'
s

eaningful and sausfying activity.  Jobi exist which depend more on the manmipulation of

tnformation than on the manipulation of rhings, and which are therefore, 1n principle,

A}

accessible even to the most severely physically handicapped persons. Such jobs as ediung,

X . .
computer programming, reading specimens in a pathology lab and interpreting results or

‘coding 1nformation from a shde for a computer’and being a reference hibrarian all require

seasitivity, thought and personal experuse, but are not as dependent on the,speed of the

worker's output as they are on the competence of. the. worker's . judgments. Radical’

experiments in work environment design must be attempted.’ g

<
[

0.4 The Coals of This P,\aper:

* -

The tremendous»potenu‘al far re‘voluuonmng evaluation and education for ‘the

v s
» o~ - ,

hmdlcapped has already been realized on a tiny scale in bnef preiminary ))udles and the

N

Im; acts extend to the economics and soctoiogy of handicaps as well as to developn{emal and

.

cogmuygpsychology. Moast important 1s the realisuc promise of dignity and fulfillment to

lives that are now crushed and wasted. - . o -

v
2

Coxwt

e 8 . Goldenberg

v
'
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N M‘y ultirmte intentlon is to present*‘a picture of a technologioal ‘and’ social ehvironment
);’ A.;\:. . '“ J . ( . 9 . :.“. *

e L within wim:h such vast improvements iu?e quility of life of a. handicaﬁbd individual
4. B ' i} ’_rJ 1.

. ¢ . [ L t e %

RV R

‘Q i ’ - f e .y .

A edpoational spirit wit‘hm tvhich these studles were perform ) ’I‘he implications for chmcal

u‘»’,-.

0T practice; oognitive theory and evaluation of poten§ial should be clear and 1 wrll suggest

’
~ ’ -
. ' . e . 1 ” .

Co. . - b .
\ . '\- " ‘some of the future remrch that seems needed P c p
) . , St . LA o o -
. R e e R

- - . I !

1 Ta n TV I . - .
. RN P4 - R
. . 3 N . Q 4 [ - ) (- . N

m@ls Normal Needs and Speclal Needs: C " _ L e

> PO . . PP . .
‘1' . . < T T >

- 1.1 Normal Needs. : S ‘ RCEIERN o e

l.llABuddmg Mozart° w_ g. , | _ g S

k %

A
ceminly Clear that the persons mlnd needs opportunines not only for stimulation and

e . activ)ity, but for feedback from its aqtivrty. in ‘order to develop. Musical |deas thatvreside in

1

~

thd\t mind must be examined refined and extended if they are to give birth or give way (o,

- %‘(

o oL new musioal ideas. Think now! The assumptlon that a person has a_rnusical mind i_s.neller

of it. Perhaps it is first seen in the_ baby's

/ } .,  madea prfort We always get some eviden

* K]

sophisticated communication. We.do not su
L . ~

t someone of*a talent for composing unless

. A e
. e he alrady has the performance abihty i0 show it. And when the talent is t‘:lnscovered the

n'l

g

. ) . K . ) - N ;
v A . U.. . . . . . ' S 3 ' h .
N . e N ..

'Y
<

4 can be realized that.we an begln seem'g WIfe as normal ln this paper I Wl" begin that~

e job by reporting on ous current experiences uf pilot Studles and will. describe the

Whatever it-means to say that a person has the potential to be a musical composer it'is

: dance or perhaps in the child’s faithful s ng Sometimes it must await a rmore .

usual course of lts development includes a protracted period of slulls acqunsition Some' _

- expert\music teachers: incorporate composition - experiences early in a child’s musical

S : VA
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ﬁ o ?{/\a‘n" . ’
During this time, as every young m-usicnan ows, one spenl{s vast :,jmg fand effdfre . !
: A .
Tps "_»preparing to piay'%’reat music |ess time ctually piayin/g afiy, and- lieel ~or no ti-me \ J

lJl\

>

S oomposmg Thus, we dont - and more t,o the*pomt netther doe!‘ the bu’dding Mozart -

.l
\ : Ly . -~ s .
+ . \_/ , )

flnd out anything abi)ut the studqnts t’aients at composmg music until rather Iate in his -

C 3

,.B\ traimng Such extensive p%paration before b;ﬁg cermn of one's interests can be a bad

-4

» business inyestmenL Some former children are Thankfui H!t their parehts forced them : (

through éus stage Ot«hers are not. : / \(\/ .

« 2 ’ ’ . .
. ‘112 A Buddm& Anybody T o -
. LT ; C e L _
¢ .As a teacher- T want to help my students develop their\@utonomy(ﬁam acutely. aware that .

v

' this\goal is not achieved merely by offering them chonces and options "Unless the child can R

- -

act on thg choices and -unless the choices have sngnu’ icantly dif ferent consequences, merely
v - ;‘/, . . , _'\.: /\‘ ~ - » ) YA :\‘{v g R ‘ ) . ’
~having the choices cannot be meajingful. The problem i§ that thereyare so many options
: ) . S} . T . 3 ‘

*which a-seven year old mindii»capabie of inventing, wanting'and'even u'nder-st_a@ding but 5"

» v

which the sever{ year old body is totally unready for. cheg Options are prevented because ”

L,

of educational or experiential Tlimitazions. Examples abound Qme Chl|d wants to .¥

FLAE

< experiment with- music. He is unable to do 5o’ vﬁ;bout le skills. Another ch‘g’)d is

’

. 4
; ¢ interested in planets and pIanetary orbits but lacks the mathematical sKills for |ookin&
L - B
abstractly at time and motion and lacks both physical skills and equipment to do much Ly

/ -t S .
playmg ‘Wllh the SUbJOCt matter — other ‘than copying from books. He is quch more

%

. handicapped in what he can do than in what he can ti'unk about doing. A third ch1|d
. " N

o N ; . ¢ S ‘ S

?
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LN

understands the prlncrple behnnd an ammated cartoon and has a clever "flip- book cartoon

-

R N l
“idea hvmg in hls head b).l[ doesnt have the. patlence K’ make hundreds of nearly ldentxc{\l

-~

AU ’, -«

B -

. drawlngs or the slull to make drawmgs ,;hat please h};n\and do Agxstlce to the ongmal |d

1

’&'} o potential m%lvément in which the chlld Is generally, at best just a spectator

. museums, prweti-;'ndmgP zoos,,parents wolkprlaces8 movxes, ames eati

. N

- Many chlldren (my former second graders, for exarﬁple) are.jnterested in-a‘natomy, ,but ar'e"

t’“.\ . - \ t

Ay
y) but all creative work whnch is put of f by seemmgly mtermmable preparatlon and

-y

rmlng anatornlcal expernments such as d.;s:ec[o/n— Tfﬁs it is not only muslcal

exercises. - . SO : . N R T /
o : . Ceh e IV
e K - ' " ' . M R / . N . L -
< o sy o / PR P '
The pomt,,.of course. is fiot o lgnore"slulls acquisition; but, tp’stlmulate curiosity and

. 'x

lnto thelr programs, lﬁﬂrcn have more opportunmes to mold their own activities and can
' N

thus stay closer to the frontiers of thelr own devfelopmentz3 but'\t'here are s

v ’

B A
. ‘ i
4

N e . ) C e

- *
. . . . . |
A . YA .- . A '

, .
}
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Computer as Prosthesis 12 ___ Goldenberg
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12 The Computer, quupg Normal Needs - Three Metap\ors. S
L ,.1.21 The Computer as Entertamer ' ' L . v
L A ) - oL, - o ]
PO ¥ lt |s & common obscrvation that compu,ter.'programmers-iwho have access to their amachines
. . . E \\ R - ) ‘ -. . . . : N .
’ afger -hours will often spend those extra hours - even after a full day’s work - teachirig:the
) ' * machine “tricks.” They will teach it how to play tic-tacrtoe or to'simulate a recket that the
’ ' . : i & T ' ° ) \"“ty :

‘user is trying to dand on the moon. They will teach it to play some friendlf ‘joke on a

‘ c'oworker or to print Snoopy pictures on the line-printer. 'And they will bring their children '
o to play with the marvelous toy Itis remarkable that thls klnd of playful and creative over-:) -
- S y
N - . ) '

PR tlme is put in by p:ogrammers almost regardless of how_mugréxr how, little they otherwrse . ‘.:

SRR .

. t 5

- llke thetr JOb; What is it about tl'?s toy that ls $o engaglng? Perhaps tt is the power to'
T Sy S .

make it do one's bxddlng Perhaps it 1 the opportumty to be lnvolved n ‘an otherwnse. o

P =

lnaccessnble activity, such as landlng a rocket on the moon. Perhaps it is the access to

© . artistic creativity without having to gve the artist’s hands Perhaps i is the challenge of .
co solvmg tic-tac-toe smfhoroughly that.one can create an lnfalhble pla}'mate Perhaps it is.
s W
" just the spirtt of programmnng, one which’ regards. non- wqulng progfams not as failures, -
o a ) '0’1. _‘ '/Q
) . - . - . RN
oA e but as unflnlshed products thnngs Wthh can beé flxed , ,~ . °
. . 2y .. . o J .. -« . o - X ] .
. . ’ K . . . ‘: . - AP . . [ N Y
' 122 The Computer as Assistant: o B A
The problems of the bud'ding anyhodyseém hqt“to exist during th ‘o'mputer programmer's L %
A S
" . game time. How can we put the power and opportunlty and creatlve freedom’ and

LY

J .
4—e|21lenge and spnrl of com;ﬂl—te\r—programmlng in the hands of a young child? To avo:d, N
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= Y T

-

3
v

: -~ :
powerful computer |anguage whlch a: young chlld care easily learn. We must also consnder
T 't‘\-\,

how th; compUter should respOnd back to the child. If it can only print ‘to the child,a X

o chnld who’does not enjoy readlng |s restrlcted in what he can do. But suppose the
" v, * ‘7‘ v ’, - ) .
. computer can atso control a robot. The chnld can teach that robot how to wande. about .on >
. '\;—‘; SN . . . :
' the floor making a drawlng of its path or run an obstacle course. or knock over a tc}wer of ye -
y ' : ! . » @ FAE - .

" blocks or escape from a maze. Suppo;e the computer has a high-resolutlon graphlcs dlsplay '
. . / «
~ \ and hngh-speed anlmatxon capabnhtnes4 Then lt can make drawings on a. TV screen at the
' - . \ : .

Yt

: child?s instruction. By 'teaching the com'puter’ how to make the right drau[ings »and when,‘
Enanw Where',to 'vdispl‘ay‘ tnem on".'the TV ‘screen ‘the ¢hild can create original animated

cartoons‘ If the c0mputer can, also generate muslcal tones, the child can instruct the
. ;’ L/ ’4\_ - s . ‘
comphter to. accompany his cartoon” wnth music or sound effects he composed He can

~

¢

I3

v~ With tfte_approp te equlpment-he can even use cowputer generated speech all of hls own ‘ .

. . - - P %
- - g ‘ ¢ e

design,}'Tfte possibilities for the\dev,elopment--of seMﬁgston are vast\? fqreover, -even .
. . ' , /‘) ‘.-' ° - ' ) ] \ \; : 5 °
\ ' the non-reading childd::an communicate with the computer, perhaps by spelmking hls

g na'rrate thesﬁ:lth printed text whlch captlons the cartoon at thegappmpnate times. ‘

.

e

T a‘mmands dlrectly to the com uter, or by presslng bmtons coded with pictures. - The

4 .
> 7t

[

R computermnspeak lts-messages ack to théchnld S ' ’ N .
. > N . "n - , ‘ N

2 C g i

. Designing ancl'deve'loping suc-t;' a computer' .enili‘\rOnment for normal_.‘school-a_g'e chi'ldren
N e P :o. . . ¢ .. ) oo, —

vw_ has been one of tne"prlnclple goals ‘of»‘ the Logo'Group at M'.I.T'. for the last several years, |
“and conslderable}experfdnce with_a varloty of children from local public elementary $chools

' o Jhas shown us that'the enthuslasm and creativl‘tfﬁthat we antic,!p;ted can, }n‘deed; be .
' .- > S
Q | - | -~ '. . ’Y N T “ 17‘ ~ i “ b ' X
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r

ei;gect’ed. ' A .
. B ~ . o . . ’ . . ] ) x-
: i Q
1.23 The Computer as Animated Scratchpad R e’/ -

- In. section m, 1 suggested that a mind cannot deVelop in the total absence of feedback.

E ‘.

There are also’ tlmes when we get enough feedback to do a job well, but remain unaware of

]

* how much better we could do_if the cost of that feedback were not so great Consider
creative or 'expository. __writing. We are accustomed to improving our composition over the
course of a feWw discrete drafts. Every revision, even of spelling, requires a whole new draft

/ : -with all of.the retypmg involved. Thus, student wnters often flnd it more rewardlng not to

~
-

review thexr work than to try fot a.better grade. Hermc efforts (spendtng more than the

: usual tlme patlently rewrl'tlng an |dea) are unusual and so the talented writers are those
v - ; ‘\

. . & :
: who can produce a satlsfylng result on the first or second draft. A computer whnch- :

constantly displays the “current draft” on a TV screen and allows. one to delete or add a

. . L AR . . >
- -

paragraph in the mlddle or- change the order of a few paragraphs or el|m|nate or swntch'

4
words here and there with no retypmg would make it posslble to go through more of what

 we currently call "drafts” without the tedium and effort. Perhaps a chlld (or adult) who

-

could not produce a beautifull“y w‘ritten' composition in three drafts could do it in_twenty. If

the twenty took less time to do than two drafts normally take, we would see far greater

motlvatlon to improve wntten work and probably many more llterate wrlters In the same
n

S way, |t may be. that the scarc:ty of great musical cqmposers is not because too few people

‘

have talented mmds but because toa few have talented f|ngers
[ Yd . -

i, 18
| S 3
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*. 13 Special Needs:

An adequate technology thus reduces the normal child’s learning handicaps. The same

P L

computer environment is easlly tailored- to the physically handicapped user. Even though

s there is still room for clever work to finc better methods of doing this, all of the reall'y basic

‘e

ptoblernx\of’)naking itpossible for a severely physically handicapped non-vocal person to
. : : : ~ -

control a computer have already been solved by a" mber of other researchers [Luster and

~

| Vanderhelderl l974] It is certalnly not obvxous that such a child need be any mOr'
" \ handncapped at musical composition or architectural ddslgn than you or I once the p‘ro'blem

of output and feedback is eliminated. ' -

, oo~ ’ . . ' ' . hd
' [ : L. . : -
. s ’ .

T

' The deaf chlld’s communication handicap slows down both input and feedback ig, English.

~

"Among'L those chnldren fortunate enough to have been educated with sign language the

-

ma jori dld not have it mtroduced to them as earl as the heann child’s shar lan uage
J° ty y g guag

2 .

_began. Thus, even with ign language. we are handicapped in our ability to transgnit to the

. - G
child as complex an idea as he is capable of producing and manipulating in his head. But
- R L * " - ' PR .
- . . ~ ¥ ) . : .
we can provide such a child with a ctemputer environment in which the linguistic
. . '- [ " . .
S compl’e/' es are greatly reduced. The child can then begin to generate his own’
. v PR r
] o

intellectually exciting and challenging problems arM can thus éxplore at his cognitive and

ed

ational frontiers without always havin to mediate that experience through his weakest
. - T C| 3 » ) B ' ‘n - o
‘link. Some preliminary observations suggest that the deaf child may have special abilities .
"1 « i "‘l ‘
" in certain Kinds of spatlal thlnlung It is instructive to realize that his sngn language has i

”accu3tomed him to carv:ng’mea g out of space and has not 5o str\tctly constrained hlm to




. 'Popular therapeutxc practtce attempts to force the, ch||d to make: eye-contact and work

.

NN .
‘ 1
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wh

s

ltnearity as English does Thus, in this area, hts handicap is certainly irrelevant and may

. ? .
actually be an asseL The concern is to begin seolng what the child- is especnally capabIQ"

rather than focuss_nng on what he is incapable'of doing. ~ LT
: N TN L '

N
[

Thc notion of a prosthetlc devnce-seems at first, Iess apt when ap.plled to the auttst‘ic child,

but fecall the above examples Although the deaf chlld can deal with verbally mediated

. snuattons, he is certainly not at his’ best usrng that medlum The physncally handtcapped
' chtld is at a dtsadvantage when he must medtate lnteractton wlth the world through
_ coordinated. motor actmty ln each case we bypass or 1gnore the weak communication

: n‘odallty and see very fa)st and excntnng changes in the chtld Slmllarly, the autistic chtld is-

‘not at hts best when his contact wnth the world has to be medlated through people

]

\ :
through people more.and more, but as an tnmal goaI this may be as counter producttve and

_ego-demolishmg as strlct oraltsm often is to the profoundly and preverbally deaf Chlld A

- reasonable con jecture, a'nd one for which good evidence is being found. is that the autistic

child’s best route back to the world of people may be through having the machine-world .

that he needs at first. Simple n)achines"like phonographs and small mechanical toys are
. . ’\ - N .

~ often very attractive'to.the autistic child bﬁhey seldom offer rich enough possibilities to

Ve

expand the child’ s world. At tWe very Icast, |earn1ng how to communtcate with a computer

. tcaches that communicatton works Our recent experlences and others [Colby 1973 Wier

and Emanucl 1976} ,show,that the computer expertence can bridge (he gap to human

communication and catalyze spontaneous communicative efforts:

N A\
v . 4 20
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-For the autistic o dehf'or;erebral palsied child, whose autonony is eve more limited than

the p(abhc sch chnd’s, the computer prov:des a tool for creative actlvlty Because' it

enables these specnal children to af fect and control thclr world, and because it is a tool with- .
wﬁigh hey can become profic1ent and show off their creativity, it offers them a powerful
N . - -k . . ) ) ; . ' . o
s . e V . i ) b
change to develop their own .ﬁeeling's of self ‘worth, to sée themselves as ledrners and doers.

~

- . ) 4 ) '- e S - . . , . . oo .
v B -I-.‘or us.it provldes'a wmdow perhapsour only clear wmdow, into the child’s ml_nd. -Anq, as

it enables us to see more clearly into his thmklng and cre;mng. it serves the :ﬁurpose not -

only of diagnosmg, but of deeply understandmg and workmg with the child. ™ o o

'." - » : . .! - a . ' . . ‘

- s [

. . . Copn

) " 14 Disordered Communication: o . * o
. - . ) AN : .
onny3 is a brigh, friendly l4-year-old with athetoid cerebral palsy. (

His speech is lapored bu: usually understasddble. .His arm and

\ L ... "hand control is insufficient for 'all butthe most gross movements. . . . = '
' - " He talks comfortably.of his abilmcs nd dlsabllmes and s Just as
, . - sensitive to those of his sch Imates Do, you know Jay? He's even Co e
B ’ more ‘spastic than I-am'™). Qften As we worked togethe;, fie ‘would

w bu:fd or ‘arrange a- devige for '’ _
Iy1/terested in 'designing aids for b
trols-his own electric wheelchair, but
-‘Qh/would prefet a non-e one ("I don’t’ get enough exercise with
electric wheelchair™y Standhrd hand- -poweréd wheelchair designs

- “have proved im ract'cal for him_but he has invented one that he
+ - feels would be quite uitable. Ak ough he can imagine the design

g of the chair, hefannot draw it. st give me a week with someone

< who will draw fohme-and I will tell him exactly what to draw

make a suggestion.about }
. another child. He is_particula
cerebral palsied peoplex He

Expresslve communication is not hmlted to verbal or written behavior. We glve r'ravel
LK :
directions with our hands, humparts of éunes, and draw pictures and maps to help ‘fake

4 - .
our ‘words clearer. When ‘we speak, we fely so heavily on our facia> expxjes;}ons. verbal
. ! ’ a . i “ w | - -
pauses and vocal inflections, that direct transcriptions of casually spoken messages are often.

BN ! N ’ -
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« ) . . . .

extremely difficult to. comprehend. Our written language -is full of punct’uation,
underlinings and fogmal wordings in an attempt to' réplace the information that we

nosmaljy convey without words.* But not é’ven ‘bo'dy Ianguage and gesture éomplete r.he '

B v

6,tp1cture We commumcate w:th our cnv!ranmcnt too, and do so by acd’:g upon it. Qf ten

»:
»

- these acti‘ons serve imp_ortam ihterprersonal gozhm_urpcation purposes. Without at least some
-~ .\“7». : . . \\ . . i . ,

_ voluntary motor control, there can be no communication.” Without fully intact motor
coordination and volitlonal movement, some expressive communications will be impaired.

We regard serious abnormalities in sensation, perception, cognition, or motor con ol as

T r

handicaps in themselves. To 'tl'i‘é extent that they rest’r'rct"our cbmmunicatidn, they give ri".f.el D

twohdary handicaps. It is artiflcial o dnscuss these’ ef fects as xf they were sepgrate and

; : \

distinct, but there can’be no doubt that the mpact of . the cémmumcanon breakdown on a .
: Ya ’ / \

person’s quality of life is very grave, indeed. When the inform’ation we receifve fvrom M\_

3

source is incomplete, unclear amblguous or contradlctory od\r comprehensnon of our

A

situation suffers and our responses becume madequate or lnappropnate? further ‘breaking
:\ ~ i ! : N .. . * X -
down the communication loop. ~
. ¢, . .‘._‘ . ;

Kl

, *-The expressive and receptive aspects of communication keep each other in tune. Although
. . . - Lo Y . )

Yo _we fust raise seriou’s questions about the theories which suggest that all learning requires

active participanon’thér:é can be littie doubt about tive aa\?antages that a complete feedback"
. ' ) Lot v . ) . ) .
loop from active involvement has over “passive” Informatlonqu't from the environment.
5 ) . i ] . 3
Any sensery, ﬁg;ceptual, cognitive, emotional or motor handicap alters or reduces the

»

G.‘ - .‘ i | 22 | L
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- 7

feedback foop. - T

. * T v " ’ J’ K ’
k ’ . B . i'_.‘
."From this ponnt of view, the special needs of chlldren may be eVen more stnktng than we

T

had supposed In the same way that we are handncapped in.our abllnty ta experlment with

music, a child whose problet’ns in rgotor control prevent him from talking, wrmhg or typmg

- . r ..

{ .
is handicappedhn hlS ~ability to experiment wnth |anguage If the development of - our

. ot

musial imagination and creativity depends on its use and, in parti‘c ar, n'u'r f eedback f rom

its use, we &n see how fvasﬂtmg ‘the lack of ||ngu|st|c feedback may‘be to a chnld

Ll .
Al

. ;Menttl development in general suffers f unctlonal retardatlon when a per50n can never try
’ .['\ ~ N e -

aut his idas and get feedback from the tnals T _f‘~f~_.f : :

>

~
. . F
. : “
A

4 i

2. A Brief Philosophy of Computer Use with Handicapped.’(’lhi'ldren: - 2
2.1 Patching the Child vs. Patching the Environment: ~.
211 Pntchi g the Child: |
When we ldc ed the technology to ada-pt 'an environment to a child,. then we}were forced to
focus.only on ‘adapting t_hg-lchild;to his environment. Thus, when hearing 'co'uld 'not'.be
restored to a deztf child by medlcel or electronic.means, the primary goal became speeeh\;_n\nd

speech-reading. the_most apparently normal communication channels available. When a

child’s motor control was poor, then the primary goal, sometimes despite considerable pain
~ .

to ourselves and the child. was tQ improve it. But despWorthines& of good speech |

and motor control as ends in themselves they are for most of us slmply means to the real T

e
- ~

o

u.-.‘ .",' ‘ y Y .. . ) . . .
B PR - ' ¢ 23 .
- . ; . .
. . .

S

goal, a full and rich and satlsfying er ‘The effort a e’hlld must put out to improve a’
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N\

physical skill is generally ex_t'remely hard to motivate unless the child can see some clear sign
' 3 B

that the effort wnll pay of{ "An emphasls on patchmg the chlld is bcncficnal only as long as

~ v o

it is pursued with enough patie_nce _not to cause more frustration than growth and, more_J

A

importantly, as long as,ior_ne' interim way for the child to regain and develop his autonomy

is fostered — and, of course, %nly so long as real improvement is regularly seen. h

X

~ R ‘A"_u"; R »

2.12 P‘a_to,hing the En\(ironment:

_]ohn Eulenbgrg [Eulenberg 1976] referred toa handlcap asa soqologlcal and technologu:al

artifact.” ' ' AN

|

K
L

Itis 2 sociological artifact to the extent that we see a person with glasses as normal, but a
A b ' !

7 . ' : )
person with a”hearing.aid as handicapped. In our cfforts to pursue the normal.routes to

// A

educanon and growghv we may overlook aids that are already- avarlablf An electrlc

,/.'
e / -

toothbrush may be a |uxury for a normal person, but for Lisa, who cannot open her mouth

It ? '
y .
much and’ ca'mot hold it open rehably, it is an- essentlal tool for dental hygiene. Yet no

o

child on Lisa's ward owns one and n_o _h’ospital or governmental rcgulanon seemis to

mandate such purchases. The technology exists, but is not being used. Furthermore, those

_adaptations that make life more convenient for a handicapped individual are often not as

readily ascepted as aids for normal persons. Even the benificiaries sometimes come to

. 'L . ' ' . . ’ N ~. -
regard-special adaptations as second bes:.® The cosmetics of ‘an aid for normal people — let
. : - "7’.' : \ . - .

-.‘us,.say:a-remote conitrol switch for the TV -~ would never be ‘lgnOred. by the mabnufacturer'.', "

3 “
r H

. but similar consideration for the agtractive"ness of a device and the dignity of its user is‘not

-

/

S

$

’

~
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“ : k

r

50 universal in the design of aids for beople identified as-handicapped. A"_spé'eclh
- pa'thcflogi'st tells of his experience with two kinds of wheelchairs. When he travels about in /
. . - N . L ) : 4

his sandard wheelchair and children look at him, their mothers would say "Don’t look at

.. that man; he's sick.” When he travels on his bright yellow sleek electric motorized “golf-

1

[ ‘ > g
. " p . i . o
/ ot . ’ B .
. .
. a

“cart” wheelchair and children look at hir, their mothers even encourage the curiosity.

. ] . . ' b ' " ‘ s
The handicap is-a technological artifact as well. We are quite skilled at making aids to
correct severely defective: vision, Glasses are small, inexpensive, unobtrusive, attractive,

-~ >

portabtlef"ar.\d:-veffettiv;' Many pgoblc‘who wear glasses would be 'lost_wfthout them” and

»

utterly barred from the eddcati;h‘ak.\.rocational and recreational Iivesi fhey nowr lead. We
ar; not so skilled at mak.ing"‘ai:d’s to correct even moderately defective hearing. Some
hwing-impaifeﬂ iﬁr'l‘divid‘uals are able to. use an amplified .tclephonc perfectly well without
their hnnn.g-ailds, but cannﬁt, cven"\#i‘t.h the aids, understand relatively loud speech in
daily pérson-to-person. copversations without depending‘ on lip-reading, gesture 4,c;r .heavy
confextual cues. 'I;hcxhéix'{ng-aid technology. is leaving needs unmet. Communication-aids
for the severely phys'lcally' handicapp;:d are at an e;ren more primitive level.” A rather large
variety of devices Cl;;rently ex'iit, most of which require either that the h‘a"nc_iicapped person.
point to letters, words or phrases that are printed on a |ap-l2mrd or select (without the need
for pointing) from letters, words or phrifcs that cycle by on some sort of/display. Success,
with these fiév.ié:é;, Hesfilte ou®ability to personalize them considerably, still depends on the
S physi“cal cap;lbilities, mo,tiva;ion and lanzuage level of the user.- But even success with tin'is .

medium of communication generally proVidés teXt-production capability .onl_y' and is

._'. 25 -'/
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therefore far from optimal. - ; , g s e

LY .
- . Y

;?,.2 Three Ways Computers can beﬂUs.eaiin"Educatiéh;'. .
221 The Computer as Tutor: o ' ) ‘

3 ) N o . : ’ - -
Perhaps the_mg:t common ndn-bookkg‘eping,pse of the computer in education is as a

- . »

private tutor. A p_rogra_ms is;designed by teachers and programmers to lead a child

throug'h a sequence of steps to learn sorne desired behavior. Although the child may be an

/ ~ . :
active member of the chlld-computer tea it is the child who is being programmed. The

» ° .

interaction is guided by the computer Wthh generally mmates all of the trar{ ctions (poses .
- . [ ‘ " i, Lt

‘ R
o © .a problem, asks a question, gives an instr’chon) and chooses its next course of action based
N . . e '

/" on the'ﬁhnld's response to the last one. P‘roponents of this use of the computer argue that

the computer, unhke a person is reliably pauent able to keep detailed and flawless records,
~ .\
and able to Jugglew records to choose: ;he smoothest path for the st\aenls |earmng
ei\ bl 3 I's

™ based on his past and current performance ‘rhns use of the computer might be called the
Hospiml Model of educational inlervention,'{Within the Hospital Model. s;udeqnts_ are_

tested, screened and diagnosed. Weakne;ses are identified and programs of remedlatton are;ﬂ

L ,
. ;’

\‘w .
prescribed. This model is prevalent even in semngs where the most: 1mmediately vmble
/ v L3 R 9% ! )
. g - P I 2 N
) ) L . o . . R P N
. and preemptive characteristic of the children is not some severe handicap. LA

[}

constitutes only a tiny fraction of the business in which students and teachers ought to be’

26 S
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. ellgaged Moreover. it assumes.‘a priort. that the child is not the agent but the patient.

Thus whenever our goal for a child is to butld{s\iutonomy and tmttahve the model is

SR oounterproductive At the best bprogress towa;eLautonomy is superficial; at ‘the worst, it is

’ R A ' ;‘.'
/o \ :
.

undermined altogether9 For the handicapped person the Hospttal Model is a superf luou

reminder of his own disabilities v Tyl ' a i . 2

A . > v, i ;V B .

v

'3

2.22 TheComputer as Eyeglasses . S | SR

- i
-Unlike a tutor, eyegla!r.ses have@agenda for the wearer. They’ contaihqu 'info‘rmation for-: ‘/“\

~ the gﬂearer to lam ’and they don't’ try to/teach Yet they allow the wearer to do thtngs that .

» %
would otherwise be\\difficult perhaps'ifhpossible., The computer allows a Chlld to make an

a
2 . ——

-

without requiring that he have the drawing skill in his"hpnds 0 Q(_,J

-

" experimen with musicahideas without requiring that he Sirst gam competencp at an .
. . .- . \k\ . s

(

in:rument The computer eitends and amplifies the abilities ‘of the person wtth normal

\\, n Again. one sees the same (and mor:) vast possibtlittes for people whb h ve special
: 3. ' » . s Y ) ) '
» needs. \ g v -
. . . - . » -‘4)
" “The important distinction between the tutor ‘metaphor and ‘the eyeglasses metaphor is the -
‘. . - ‘ C vy e S ) Lot s » R . M v L .
shift of .emphasts fro_m programming o.rieself‘," to learning how to influence one's, )
‘ , ‘ A ¥ - - . _‘,J‘:*
. suri'oundings — from focussing mward to focussing outward. R S
oo l R . &
. : ¢ ? N {" . .'4'
® P ~ R
_ - ) Y . )
, : . . ' Y ) ’ L A . a ° v,\. * ~~ -
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”2.-23'4The Computer as Mirror: - : o S
e v e L v

A device which can sense extremel sli ht varJ ions in an “ad we er{orm and can be , . B
ly shigl ‘5 P !

v < s - o
{ 'prpgrammed toﬁ-ecogmze the fine. disnnctxoﬁ ‘Detween relevant and lrrelevant varlatlons S
, N : oan 'be used to provide very: sensitive feedback on our performance For, examp}e. 'i“"i};&
O S @achm\ejvhlch draws dtstmctly dlfferent plctures* dependlng on oﬁ‘r pronunclahgn of a . .,
~_ i SR AN {f’__“;‘»fi
vowel can gnve more accurdte feedback than our untrameﬂ '(or deaf) ear can antd thus is S
N ¢.i 3 .

g L \_/ % o ¥ =’~' ‘ .. 3
T, TR useful to gﬁude us to c&rect pron ncratlon [Nlckerson and Sxevens [973 .tfl ersone_"" :

L
Kahkow and Stevens 1976] A device capable of tdim%ff

P :‘ ry]“
| o

A . '-. oy - . R T e N
i we Have been able-te muSter the strength orec 'dnta%tl’on td’ pfoduce,a yisihfe md'\re
" : " v

P, -

: X
can fell us wh%e are addressnng th€ e‘orreCt 'muscles“lt wm be edsier to consider t

-

: applicq;lons Qf tbis kmd ofﬁga\ology lf I describe them in relatlon to a- paﬁtncular,éhnl&
T ’ 5

.whomightbeneﬁtvrlo’m them N A G ‘5_ : .

IN .
K A
> ‘b ’

‘ Lisa is a 13 year “old spastlc cerebral palsied girl whose size and
phystc development make her appear about 9. Her' voluntary . : )
DR = AnbVement (arms, legs and ‘thouth) is extremely’ testricted in speed, -~ ‘\'\{ J' o
R N range, accutacy and strength. She-cannot sit herself up 4n bed, e j
S - dress, feed .herself, or coritrol- her wheelchau""ﬁm}te has-a refl
) grasp, but for practlcal use, she cannot grasp.or hold anything. & KL
-\ occasion, she speaks but seldom prodUces more than a hlg’h squeek.: - . -7
. . ~ She. has signs-for "yes” and "no,” and slowly gnd with great effort,
- C she can point to words on her worlt board. MWithin the limitations
. .i et 57 of her ablllty to respond, Lisa shews thdt Yhe can.read, spelt” -
o a\ o 5 , - ) '(lncludmg ‘réasonable spelling for new words), arrange words in —\/a
. . : matical order and understa,nd spoken |angﬂage Despite some -,
: T C g diagnoses as mentally Ietarded a recent d92tors report begins ' ' e
LT . pwith the words "This bright“tittle girl,j.and most school and medlcal Y

%

3 _ evaluanons now agree that she may betqune brnght T K .

e © Lisa's physnta1 abllmes[ va"}y consuderablys from ‘day to- day Wlth g
s %* - motiyation apparently a key- facto'r “This is perhaps not . VC"Y R S
) < surprising when we consider the” payoffs Ll$§ recenves for her 55 W

4y

. Lo ) . . ! . Toee R
".. . . ) : . R N L T
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» : . L
.. ) « A *
e :‘ , v . \ N ~' .
. ) P -

A » . N : ’
' N\ s - efforts The mark of real autonomy depends on- what optlons are
L L open to one. For‘a child ‘whose movements are-. uncoordin&:ed but .
U * stronger than Lisa's, showjng. indeperidence by doi ueh as .0t
: ' - . possible without help mlgj’ft the clearest sign.gf autonomy:. For LT
Lo |, - «Lisa,"howeyer, there is no “independénceito’show. 'There is nothing " .
L of real salifnce in her life that she can,do ‘Eompletely alone, so all of- -
= 4 hereff ortslf{ly serve to help the person she is dependent on. Thus, _
L. N ~_ the greatest show jof her autonomy. ‘paradoxically, is to'do less. than . .s
o e < < she s capable of, |t (Ir o withhold the help-that she can give, to use her
I, imeaslt own dependency to~ control, othérs. . The discrepancies between “her
' PR best performances and her. typlcal perg,orman e aré great.. Some

n

a3

N

"‘G*--«-’L'i‘“ o thansheappears

- T In order give Lisa appr priate care, we must consnder both her ya .
v . "physical Rbilities and ‘mer /psyehological state, .her motivation. In '
% X"« school she appeirs not to se her word-board unless coerced- into:it.. -~

: ~ But, being ttr: first to respond to a question asked in class is not a T
: ’ . ! ?ivlng life-issue for her. The ma jor problem that sheafaces is that -~ . o

T ﬁ - i pegple left her, she could not-live at all. For Lisa, "making-a. - =, 1,
|lv1ng consists.not of academ.ncs but of keeping around pibple:who . - "
- / " have taken physical care of her and whom she l}ie\S\ Pointing to S

o ] "kiss” or "thank you" or "I like you" in the latter contexIis something .-
" , )‘ e - she does, apparently’ qulte!readlly If onegfgllows the line of
PR ..thinking still further, it costs Lisa effort to:communicate, and the: = = . . .-

. a ‘ returns should be great if we eﬂpect her to make the lnvétment )

T " . 'With a sufficiently friendly computer interface she could turn on or - _- S
off 'a TV at will, drive her own wheelchair, select from'andy S
eventually create her own computer programs. The ad:{htlon of = - ’
o o efficienf and satisfying communication- to her hfe may ‘have an .
- avalanche of values. o ¥

r

. v > ’ ° . . f
~Two novel\fry&t devices for the computer can be employed.in exciting and creative ways as
.- o

'aq‘yncts to or replacemi;z:or other forms of therapy for. handicapped ihdiv'idua s. One .

s -
S

"y, N ;.
is the eleitromyometer (E

)and the other is a speech analyzer. :
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11" he EMM provides a,ccurate and. continuous measurements of the electrical activity of a

- LN

muscle or portion of a muscle Properly used it has helped patients learn tq reduce p
S muscular-ten}n coriti‘ol the processes leading to migraine headaches, \{educe theis blood
N ) ol ‘ . b RO -

-t pressure and regula'e circuIation Selective and sensitive response to the inputs from

1

multipie biosensors is a JOb that is impractical of impossible fora human monitor,, but easx kX

for a computer Clearly, the possibilmes for using computers as mteihgent momtors heres}
A , ; _

’ w .4

are very rlch AResearch has shown that even same pathologfical CNS prOCesses can be

Nyt

€/ 5 ) : . \_H\\//
M conscrbusly Eontrolied This g{ves w8 hope that severely gor handicapped ‘patlent_s" can

"
v

¢ “fearn to contrd‘-their pathological rnotor patterns and r!gain.use of limbs that had been
e M unctionaliy. lost for yeats. ‘[Bru'd:ny(t et al.. 1974] The preliminary_resuits h‘avevbeen ver}y .
encouragmg Wlth research ‘and lntelﬁgent processing of these signals, it may be possible to

. use this kind of slgnaiing as a voluntaiy mput to the' computer in a more random access .
way th.in is currently seen in th7 myoelectric switches use;? with scanmngjpe input devrces

S .a‘ L o e‘

-

. . FEERTEEN
R v .

¢ . S - AN

' R S . ! ¢ P

. - .. - oo -

oy .Research grounded m the behef that physica,‘ and mental skllis are hig’hl,y srmilar f)as- '

. " e . N
s produced some observations that iead to a new understandmg of the developmgntzand o
. . ‘. -, . - : .. o .:, N \ . - °
. f acilrtation of physical skills. U\ustin 1974] For instancek people at the Logo Group have
. L P
e .taUght others to ju5gle without either;ttouching"them or demonstratmg the skill. The .

| ,notibn that a compl X physical procedure such as juggling an be decomposed into smaller

e

G

_‘easy-to |eard syb/prOCedures and can be communicated verbaliy (inteilectually) has a

e
s . ( Lo . j
b , message for the-habilitation of Lisa and children like her. Locating an object in space am#

3
b-cvh ‘-,

.

- , ‘\‘
_S

Al
-,
LA
7-

. : A : Ty "
RIS graspir\g it’d/s/a com X procedu f We can see babie( practicing th primmves and sub- /
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A

L , o TR ' o i\. ‘
: e EER
which, combined properly. will lead to Reach-and-Grasp: What about a child

lilie l.isa? Such a child gets inadequate feedback either because she cannot practice well

X

\ ! ""'-(she cannot make enough of a movement to get clear visual and prpprioceptlve information

»
LR

back) or because 50 much extra%ous movemen&is occurring that It is too difficult tc{

-‘ ‘a/ " i 'l

p - determine what part of the feedback is signal and what part, noise Teach s who have a .

. clear understanding}f how physical skills are built up_:and whlo can provrde atf.curate ,

A\ N

1 ’ sensitive feedback may be able to heIp Lisa lurn to Reach-and- Grasp much lhe way I
N dould learn to juggle. The. facf that Reach-and-Grasp is not natural to her may be no

13 L

umore of/ a hindrance than, the fact that Juggling is not natural to me. o . . <

¢ . o a . .
i ., L 2 cone ‘,: o '_ : ) . )‘,__ - I .
¢’ A I v ST " ’ . . } 4 .

-
- N\

'g' - . . -
o : Although this is another applicstion ol‘ the Hospital Model' “r the agenda is not\\ the c

~

'patlent —-@ese goals are of oby, ously g\reat Yalue to a person such as l.isa and are so o

L

/

/ / 3

intrinsically tied _up with hef experience of autonomy'- ghat. lt- becomes .,aademic to -

-obpct that the therapy she receives exphcntly assumes het! dependency I.isa is, ln,fact. r?

highly dependent others for almost all of her care. Even so, some of the risks of the»

v .

Hospiul lkodei ill apply a it is worth trying to avoid those risks. A.s hbe_ra}\ingf ah'”
- : experience as it is to gain new control of oneselfﬁit must have Jen greater signif icarLce to " .

see that one can.use thls self-contrgl to have predl table and desired effects on ones S
7o

T environment. In order for Lisa to communicate wlth/ c'ompluter, she 'musf perform some Lo
: ”3 ‘ voluntary act. The EMM’ allowi ds to»c)hoose sensmvely among the acts that Lisa perf orins

to find one that both aliows h the optimal access to the computer and communication. and

[ 3
v practices a: fbuscuiar act that;is benef1c1a1 for tier: Furthermore, It allows us to select a .

- A PR
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, .
)

) » . - Cl ' ( . " T
: L
Y muscu I ar act which may not yet be capable of serving’ Lisa it other ways. Thus, we are ?iot vy
’ . v \ e f -
.- ! sugar coating an exercise to m ke it fun, but taking a(i enjoyable and beneficial activity
anj adding to it,-fos free, ano nefit The phikophical distinction I beheve, )
v 4 : \ .
A o o impoﬂa’nt.ﬁ oy, Ayxt . ' L‘v B 'Q o ok ) L gL B M ., . h‘ [
. & ' D ) : . R ! 1 : . ! v X
ARG | : L.
. - \‘;:: Ll - [P ; - ‘~ ! e ' ,,"" “"r . 'g ::._..’ .—“‘ \ -. ) . o R
Speech analysis t-echnology offers similar possibilities. There exist devides which are
; capable of Iearning to recognize the user’s vocal productions (whatever they are) and ook

repeatability . -
"3 Voo :

l

responding in-a differem..u?y to each vocalizati or Lisa consists

/ vt " tiake-both difficdlt; but not neariy 50 difficuli as’is: ciear arti ulation Full "a;pd Yo
IO wmprehensible speecil is, at present an unrealistic. frustrating and probably discouraging »
- ] goal for Lisa. but it seems quite |ike|y that she can learn to produce enough distinct. sounds ', ri 1

PN

o ' ’ \'P" v
* “to use for communication If she had a device that could decode h?r vocalizations and,

“ .
- . ‘

more to the point, wasgilways With her g-"‘wperhaps, installed in her wheelchai_r - seve'ral -

S benefits might ‘be. derived The immediate berief it ig the new modality with which she can
v’ K ‘ . .. T . &, | b '-ﬁ X
LT “Control thiifgs -'whether, tl';at beg moving her'wheelchair or causing’ a :voice‘-produ_cing'
.devnce o say the words she had wanted to with her own mouth A_seconéary ben@fit e ,‘
oo ) P . - S ‘i/ / - A
. ~comes from “the feeling tha; Iier votce Nas adequa, to the task. If. she <an make five S

o x.,.if 4 ' B .

-

- % distinct sounds and cqg see herself that he was ;uccessful at that she has nﬁe motivation

. —c . - . . ,
o of success to try fpra SlX‘th sound. = . MR . k—/ R
. o Yo ] o0 l " ."" _l ‘ ! o » ) - ":“1‘ i,.c
"‘ .“ : ’:}; . ”p ;‘?: . | o .'. . \}_’?\.}'.. 3 .'.,' s s h li . ‘ B .‘.'-.,, ] L we i,\ . X :
ngf ot v \, ! ’
. ¢ i <
~ ) \ T 5 % ¢ ¢ "§ _:v)’ ‘
O R R » LY
Qs{ . N i:?%‘_‘(g"y._{r" J?}’ .;',dz bd
' SR, ;
\ - ] :
v’ Y} .
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. ,\3. Communicatin(.with the Computer: . o | ’
B ' \ L 3.1 Phnmples ol’ Inpmtnng L Lo " o

’l‘he oomputer ls apable of recognlzlng a certain fixed Number of slgﬁals We may asslgn
’ L

these s gnals any partlcular meanlng we Ilke. ef. Jetters. numbers and punctqatlon or. whole

\ . K

commands. It may have been taught to understand combinations ‘of these symbols For'

.
PR ¢ e ‘ ' -é ¢

example. if the baslc slgnals stand for letters, the computer may have been taught also to ». Jr '

\ a

FVL understand wordi. .To commuriicaté with the computer we must be able to send it the baslc )’ v

e

slgnals lt recognlles, whlch must then be arranged or us on a lupd of | menu For the most .

'4 . . 2 . ’y b

- o A part. only two systemvfor arnnglng the w on’ the menu are in Use- arrangements in -

' .
4 . : . . » ]
N P . . : E

h space anda_rrangements in time. P R L '

ol

L J

. 3.11 Arrangemenu in Space. : < | I . \ B
1y Lo e N\ T SR
'fhe choioes are lald out ln some convenient array with one switch per ltem and the user -

- S selects the ltems directly by activaslng the. appropriate smtch A typewrlter is sudh A system. ‘7“,.‘;” o
. . where the lnl’ormatlon ?ﬁan senq includes numbers letters and specnal symbols spaCes )

W /L"* Each character has its own' key and one alms and pres‘ies Automat.kc e?vators use the -, .

T

Al | -

\l) ) . and easily as a& otzr choice The requiren‘@ts are that one- has enough r -all of--

“ bptl(ons to. be presented and that the user have the ablhty to aim with speed adequate to ’. |

s ‘wr v

. make the selectlon practlcal ™y

ey .
aow Y,
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L : EA ‘ AR S LR
, 342 Arrangenients""in Time:" =~ -7 v ‘
. . : * ok | .- .
‘(\ - N Again;-“ihe qhdlces arer laid oyt in_some convenlent array. but this time there ls only onc
{ Fotel G
. lwitch controlllng all of the cholm 4 Thc switch is mlorod to the abilities of the user. The

RN - *“
'user m:iy signa by bumplng the switch eg with his hand or lmeeuor&ay blowmg ‘onit, or tu
iy

Tt e by malging a vocal noise; or by flicking it with his tongue or by lettlng an EMM recognize '

g the twitchi g of hl& eyebroy ome kind of lndicator (an arrow or a light) n'?oves pqst each

b

“ inning when it has reached the end of. the list. The user -

_;‘ U e
} decides which op on he»'Wants and waits until the indiator offers that particular option '
3 . Then"the user activates: the switch, selecting that option and sending it to the computer ;o
\ -
' > Modifications of the basic idea can be made when needed. For example, if there are very ‘ \

' many options |t is impractlcal to wait\Qr all to cycle by = as is ‘the case if we wanted"'to E

‘ " make available ll of the letiers in the alphabet and ‘numbers and punctuation as well In '

;-
f E

cuty . situatipns like this the options may be arranged in a two—dlmenslonal arga§. The indicator L
- St -« "‘\ hiry ¢ : g Ca
< (in this c:he boxes) cycles by the Jows allowing the fiser first to signal which row the
oo C . ER (S
' desired character is”in. (Flg 3l) Then the indiator

eodic ;

:- W 1
§e’n"els"anothér signal,ingi’

- les wnthin that row until the useJ

: _ing-’the desired letter ’(F

N
A
n
3 ~
4 i
R
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' . .
@ - . 3 .
’-"_’- L P . PR Y xR
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- : v . . :
. . jf " )“

. . ’r"
/ the waiting time for the letters used most frequently in ﬂrawing with the L o computer

P .

language. . The Iarge !quare o the right of the menu is a drawing screen and the tnangular

.

shape Inside it is the“turtle” that follows mstructions to create a drawmg It is currently

’..J %]

faclng up‘ and would move in that direction if told to move FORWARD* lt can also turn‘
oo ' . \»' ) v 'u =~

s to the RIGHT or LEFT to fac?n -anothey direcnon We must: teII it how far ‘to move

J
.

¢

“w% 7 Thas access.to thenentlre Logo Ianguage The system’ that ‘we used n?ost offen wnth the
. . .
severely physlcally handtcapped chﬂdren gave them a more limjted choice on the menu, but

;_- .
1

. in return:did fiot reqmre that they Iaborlously spell out each computer command. This was

a- -

-

/m\ fess flexible‘and eventually would have been to restrlctlve. but mmall(produced a

7

e ey ar ~
. very nlce"response “to-effort’ ratio. This kind of Scanrgnﬁg system: does not requnre aim as
¢ . : -

. A \ . . .
does the arrangement in- space scheme, and therefore has the advantage of bemg‘ suntable’

~

a
<

b . ‘for a person who lacks fine motor control. The prlnclple dnsadvantage‘ns hat one dOes not

[

oy |
, i have random access to the choices. but must wait for the desired chotce to be presented
« ' With"speech sound analysis, of colrse, the Waiting can be elwa:\ed; A computer that can

’ = AP
recognize the spoken words of a user makes it possible for a User who has any consistent

. — ' : : .
- speech to have random access' to the computer’s vocabulary even though he might, have
- [ inad¥quate.motor control f@r aiming. B
a * L . . - * Py It .
- : @ 0 e 25
-\ 4 ‘ .
\ . -~ ' . :
. H YN
. ' ) " . '
Oy > } 1 |
a ' . . s , ” .,
' ) SO ¥ A8 S - .
B . AN . 4 ,
7.. 3 . - { ) ) - ¢ L
S Y \ :
FRICT 5 LT, - oo

Aruitoxt provided by Eic:

and how much (g{tu-rn. Wlth all the Ietters and numbers avallable. the user KR

"o ln these)llustratlomx the order in whlch the"letters wer%,arrang«é was selected to mimmue M
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32 Duwmg with the Turtle: ( . cr . o
L ) Y ’ N ‘.‘ ju . . .\‘41',
Before conslderlng the responses of Individual children, let us examine how a snmp‘«,-\r Tl

g

/.
°

nwlng of a house mlght be made. Flgure 33 shows the arrow pomtmg to FORWARD -

and the turtle has drawn the Ilne. The distance, 3, has already been‘selected and the

, , E cdmmal)d FORWAR,ﬁ 3, appe‘ar! at the bottom of the screen “The number 8 1s then
. selected and the command LEFT Is glven (Flg 3&) Agam the complete command appe’\rs. .

- at the bottom of the screen. The turtle remembers the xside and the aegle se;ﬁara(ely s0

~ that one.cian convenlently,draw without respeci'fylng the dimensions that rcngln the same. ™ N
: 1234567889 7
i FORMARD -~ -l ,
3 ST SLEFT 7~ . P -
RIGHT. S . '
.y ERASE ] R N e
GET - _, A Ry
o - DRAW! -7 % e "

. DON’T DRAH! i S ,\\\
“Th o FLASHY J e T P TR T SR Y

o CLERR ‘ o T -
HE R “ r e ' R I L o
A Vo R a . - . ’
-_z . SOHETHING ELSE .. ‘
' P ) : . - a I ARSI
e | B STl SN SN L Pt
. .v.‘.‘ -.‘ “a ) . . . AR - . \\‘ o )@. o ) “.." ,"' . ‘ . I ...,h L k ./ .
N v e We . R e »-_,. AL

S Pigurg 34 {\f - .
SO THE _TURTLE™S PEN IS DOWN. '° |

” .'_" : . . . b

Yo 87 a
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" 1deally, we would like to name it, but we do not have letters ‘available, s0 we SAVE the.
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= i

9
(\

2
-

123 4 ) 6 7 8 9 T
>FORURRD o a
LEFT L ,
CRIGHT L

ERASE"
GET
DRAW! o B
DON’T DRAMW! | , |
FLASH- | .
LLEAR - '
SOMETHING ELSE _\

L

'r'44;3§}ﬂ. “THE TURTLE’S PEN 1S DOUN. L
“FORWARD 3 : ‘

7

Thus; the sequence FORWARD, LEFT, FORWARD, LEFT now completes a triangle.

man/gle as picture NUMBER l'."(an. 35)In a simnlar‘mannef, we draw and save a picture

: <
of a sqgare (ans 36, 3’2 38) Note that the angle had o be changed toa LEFT 6 and so

8 i

that number had to be specmed The turtle.has ended up in the lower right hand corner -

of the square, but it would be more convenient if it ended at the top, since we wil} want tO‘ '

put the triangle at the top to make a roo:. 7/ ’
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L %onETHING ELSE A |0

figure 35 - Lo

- o % THE TURTLE’S-PEN IS DOWN.
"< NUMBER 1

_ Goldenberg

. 12345678939
~ FORWARD
- >LEFT . ,
REGHT . f .
gRASE - |

S GET ‘,;‘ o |
CSRVE .+ | | -
DRAW! - |7
DON’T DRAH! . | )
FLASH ‘ R o)
v CLEAR | o o
SOMETHING ELSE | .-~ 7 ¥

' fz'g‘ur‘c .3(9 ) L

THE TURTLE®'S PEN IS DOUN.
LEFT 6~ -
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S THE TURTLE’S PEN IS DOWN. N,
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123466 7 8 91‘““’"""”
>FORNARD
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RIGHT =~ | ’ S '
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GET ‘ e
‘SAVE | | l
DRAU! B 3 :

DON'T DRAMW!
.FLASH : | . E S
CLEAR ‘ \ - N
_SOMETHING ELSE Ll
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o ) . . p
o @ So in Fig. 3.9, we begin by turnlngthe turtle LE?';' 6. Then when we tGE"l'-'//picture o

NUM BER 2 (the square), lt. too. is rotated 60 degrees to the left and the turtle is now at the
S . top (Fig 310) Simply GETtmg the triangle (Fig. Sll) causes a bug' The tnangle is = - >
é N

drawn exactly as it was when we saved |t,»so the hxg b hps its lid. That can be fixed by

' turning the turtte LEFT 2 (Fig 812) between GETting the square and &ETtnng the -

. vtrlangle(l"tg. 3.13). . - | m""' . . .

\_'% S ., .
12 3 4 S 6 78 9 — . . 1o
. FORMARD = . ey B E
T ﬂtEFT :,""Q_ A IS R AR

| , RIGAT . | LT

 SAVE e '_&v'” PRI I
CooRaML T e
 UBON’T DRAM! . | T

. FLRSH . o e e T
» CLEAR R S £ S
SOMETHING ELSE - |- e

S #z _L;}’e_“ps.. 1
o g | y, 5

B ”\TLETURTLE4§'PEM;IS‘DOHN., . .
LEFT 6 L

‘f _’ ., o ﬂ .. v - ‘. L
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o e e e T
it . . . B ¢ M——’ % F . ) . " ) .
" . : . - .,‘,. R . ) A . s

g ¥ ‘ - . ' - e
| > JRRY ’ f ) ) . = : -
“By glvmg the turtle the DON’TI; DRAW’ "command éle can move |t without leavmg a /
» J . :
e - trace. lt plcks its. pen up before changmg posmon a d does not draw'ﬁ line. (an 314)

.+ ¥ 1273 g’s 7 8 9f~
< FORUARD
SRR L SR o &
;_. . e "‘”’RT’GH[’ S
s ERASE -+ -/
. r / - GEq‘. \-
7 TSAVE
S DRAW I :
v’ a“.f~“ﬁ‘_DON’TJanul ~f;
. ! E *: N (% ?

ﬁs\é%SEf
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. todraw the top he had to turn th? turtle to face perpendlcular to the line he had just|.

.

} ‘ drawn He chose to turn it to the RIGHT. Then, in drawmg the' circle, he hade tofnake

T \ hoe turtle curve toward thelEFT Had he forgotten either of these detalls he would have ;'\
v . hﬂd ‘a,—:ery diff erent plcture l-Ze produced the plcture and then modlfned it shghtly by |

- \changmg t\l\1e angle between .the line arid the circle to 95 deg\ees It was n,ot cleL‘:aF

4

" T2 - :
~ T purpose this modlflcatﬁm served until he pW the MOMs together to m he
AL plcture he called GOING. (Fig. 3.5) Enght OINGs made a DADS (Fig. 316) jay then
C SR ‘ 2 PN
B T “ ‘ed thr;eéADSs .to make a _)AY n )317) Flgure 318 shows an intricate de,‘g\n o

- '.{ . . . ’\' | or | \
S creatqd by“a 12"'year old girl who has ng%er drawn bef[ore and f:gure 3.19 shows johnnys _
Gt y CE - .

¥
u\ o whée]chau‘(mentnoned in section H) a

fo corNb

Pig. 35 TU.\.-JRY. -

. le.jpom '1 "DADS wwgy:
RS 28 oM 2 DADS i
. 3@ mon

3 DADS
END oo
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N . Jv . . . ‘ ' * P
. 4. Childkrena\VhonQo_‘Wor'ked with Logo:"
_,'.. . . ' :
. We have had enough prelirh?(rary experiences with a (briety of children to feel confident Dj.

- \'that' we have the right ideas anq}’app,ro_ach. if not yet the optim:I implemehtation of them.

. ave -

We have worked with 9 cerebral palsied children of whom.one is deaf and two of whom = = ..
) " . . o5 e R w

N ok .

s - have a;;hasic“ Iaw:g% disor’.d‘is. We have worked with 7 deaf children not including the
. . v .. T . ) . -

.+ ‘one just mentioned, and 6 chifdren diagnosed as autistic, including one who was.also’
. |4 ‘
dmg"“{j as deaf. The following few illu'straur;\s describe only short, experime}ts, for = -

e.have not yet had enough opportunity to work wé;h the children over an .

¥ indeed, v
extended period of time. Even so, thesz samples of our experi.{nces should serve to exp.%ain’

our’entfiusiasm.about proceding with the research. B ‘ '

e 4
-
. - r

N
s
T » -

4 o ~ . . . . .
) ) K . . . _., ol

_ . ; - ;
'% 41 $Osa‘n -~ An Adolescent wigh At};etoid Cerebral Palsy: - /o )
.~ Susap iy 16" Jearg old, ﬁidr’ipl?g'irﬁ and generally ‘assimed to be . TN e
e e T R Gmildly retarded: Her speech is lifhted! but improving. She’ does ot IS
e O ‘ " use a communic board. She can feed herself slowly and can ' '
' type using her riéh hand and a guarded keyboard. Her reading RN
‘and arithmetic are bpth at the primary grade level. . ‘ , Lo

» . o . P .

. f

WheQ Susan first saw tHé equipment or ‘her ward, she wanted to tr?'- it out. th(;uld not, %*
Y oo . . . s A .. A et A, R
ot .,

.. T e first,. beécause. there were. al[‘e_a.d .other_children worki‘n “with it-and:becausa_the ..
] : . ] . 4. ) ; . ' Y PR . y

oL S RUERS RO . R ,\f,..«.I ; ‘ ) . . .' o -7. . .

n \ - equigment that wduld allow “a.person with suchjvere physical dlsabllltxgi to operate it

C ' . . E 4 . :

K v
T

adqu;)tely wids net working pr{perly at the time. So Susan wa’féhed_ whenever she had the

. RS ,
to control_the com;i’l]ter. she had already seen

S -7
7" '} - chance. When she"finailfy’ did fet the chansc)
PR ..rf;.-‘-"lii"",?-", ' ' ', ’ ’ s h i
5% : s

N

o 7:,' o . e i-‘f’_ v : '-‘ 1’.:‘* 4 / e L " o
R the physigal flogf “turtle move arqund and had heard ligtle bieces of my explanation about - %

2

) -
v hS how to move it.

-~ . -
r 'Y - o S N . '

- : - BT , I , .
r - L

Y . T Y ‘- - .
co S e e " g e
: . A B o e . ‘ .
' Y _ - T o
s . . ) .

e had no adequate guard for the typewriter agd sp arrangegd a tanning o
. o~ \ . /o ‘ -
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v 4 e \v, AR S Co ' - )f

.,:.‘ ’;l‘ . ) . R } ‘0 . “ ‘ .. . '
. U . ». T . . ' ‘
o, ’ t N _ . ‘
. . ,& o, ’; . . | . -.’_ Coe --?9 ) ‘ o v ) s":a‘ )
" a0 ,3 : Sy \_ﬁ’;\ .. 8 £, .“ ¢ ‘ i ; . g ’ .".' 5
Vo - system nmllar to the one descnbed above to help her nicate with the computer. At

that time, we had no TV graphics dlsplay and so we had to Yse a mechani 1 scanner. _The - )

A ‘instructions to.the turtle“were-wn_tten in one COfumn on'a_piece of paper and the numbers ot

3

'.&\. ‘) . ;‘ ' v

. @o'r‘n I'to 9 werewritten'in ano'ther column. This paper was insert'ed in a flatbed plotter s0 < _
that the plotter could point sequentlally at the items in one column, scanning frpm the top .

. to the bottam and then beginning back at the top again. When Susan wanted to send a -’
.

parttcular lnstructton to the turtle, she had to wait, for the plotter to point to that instr

and then hlt any key on the teletype.\ If she wdnted the turtle to go forward a dlfferent

dlstance (or to turn through a different angle) than it dld before, ‘she had to first select 2 ; -

Yo .,(\ T ) <‘;\

LA ni:'mber amen' gtve \the command To select a nuﬁ'rber she would wait f&r the command

'e.

/ NUMBERS select that and the ponnter on the plotter would then sltde over to a dlfferent

-

column whmh..bad only numbers in it. :f‘t}d?i’she had chosen a number the potnter on- the

w g \A ot
. e . T
% N S plaﬂter would automat@ally go back to the command column to allow Susan’ "to choose what

actlon the number-would be applled to.” . - > /‘ :

¥ ’ v . C0 " N o - ’ T : v
J i Ce L et - 4 . . - ‘ ,:'J\‘.

’ Offer;d the chonce of malung the turtle draw for her or uslng it to knock down a tower, ,

TN she chose to draw. [ had been told that Susan could not :eatl\the parttcular words' that
b N T, R : VO A
\ were on the list of/% ds and $0, at flrst I read each command as the pornter polnted

g‘/’ \».to 1t.&l was nochmkmg much about what the turale was drawing and assumed that hét’ ".‘7,_ .
A.‘i . ! / LSS K _/.' o~ I
- ‘\ " initial’ play was essentlally wlthout a plan. Ravlng chosen the largest number for. bo h the
. turtle’s dlstance forward“a'rm}the turt|es ;lfrn tp the rtght Susan made- three hnes -- 7 line
0 ‘
follo ed b)’ a Very sharp turn to tlfrlghtf and another line, a very sharp turn to the left

A o /}%yk ' %\ ‘l:' X .
- ~ ~ .
N i . . o e e I : . 5% '. * “L"f, . ‘
~- . 7 R A S ,
= M AN ISA % - { "4
. . a %
. . - ) - . . A
[\ - - “ t s A
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Com uter as Prosthesis |
B he T Coldentﬂg
[ \ . “ N \ -
Y i o : / .
v . % S o - |
S L . |
L4 M ‘-, K } . ' | | g
P md a third line. I co\mfmed ‘that\she had caused the-turtle to draw an N, Susan’s last

" name nmtial She see¥fed very plea nnd moved the turtle far off to the left.of the N.

i

‘\h{ter selecting a smaller- n&gﬁer to shorten the d|stan3e fﬁ’at the turtle would go- forwasd L
b - each time, she began drawtng again. At first, T thought she was oing to make a smaller N, -

because s(ﬁ“left the angle the same. She made an N-like deslgn and then dlmlmshed the

would turn. &ysteinatically, she made short lines and .gentle turns, first
- - " - F) . *

\ ¥ !
H ~ -

1 ‘ ~ .
e right to draw an S. Her initials — SN! Total time from her

angle that the tur

to the left and then later to:
e, T By . = o .

. a}lh&ed. inability to read the commakhds to' the com letion of her surely planned and very .

g - . N v BN ' . I ’ « s o : o

, . \ v . ) .

_non-trivial task: about 30 minutes.

.c,.“.*:}, 5s AN s o
]

o // ' 4.2 “"Aren’t.you ﬂappy at me!" -- A Disturbed Flve Ye \ :.
A J

™ s Nancy is 5 years old with original diagioses that include early ';""' : R)

R childhood autism. Although that diagnosis is now in question, he{\/—""’.?
# - behavior and- commumcatnon age quit€ clearly very disturbed. A v
Ly L o7 . times she—xppears 1ost in a "world¥of her own andshe somenmes talks . L -
f N ¥ "o’ ab jects or peOple in that world. When she speaks, her wording is. 0
' . " oftentidiosyncratic and her inflection stereotyped When she entered
' , the unfamiliar surroundings of “dur laboratory, she was clutchlng o,
T onto her teacher with her left hand and plnchlng her eyes shut with .
.o L her right, : . . ) ,
\ N 1 ¢ ' -
Ly o 1 showed Nancy the TV'bturtIe Since Nancy is.a very young child and a non- reader and ;
. . since her. handlcap was not physn?a} though{ she would do best wnth the “slot- machlne f;
e ﬁ“:‘,_« W/Z’lput dlece E.ach mstructnon is shown i ldeographlc symbo Qn a plastrc card‘ which
LT - 'S
Z‘

. S\
,;5 .shéa;could lt\sert in a slot in the 8a’€hine When she has as.sembl sequence “of s.klch
& .

RS

7

ﬁ/’\‘g Ly e ! : kS -
3 cards she could press ayl;utton andwaua)f the: ms[ ucttons would e run She pla\yed wnth
v , 9’ _ s . £ e f“‘ ' ‘
o .‘f, tﬁrs for a Féwx;hmutes but ghowed no Pa-rtlcular nterest |h’tt Wlth a felt t|p pen, I_q‘rew a s’
7, b ' ) JUEE R - ', / . 0 ‘ .
’:" 4 f ‘f‘ *.'I.,’\» t- i ‘ . . .‘_ ;y.‘ . . K ‘ . o . 3 'n' NS "

W e 48
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RN Nancys attention away from the other xeys .She still played with other- buttom, but now . -

~ -
¢ . v

Computer as Prosthesis f 45 | » ., Goldenberg

. o e ’md‘ : '
. . . ~ - ‘
; 3 4 . R iR
¥ B e
A4 . - .
P . ’ ‘ )

® o

r

N

(o
*

simple house on the TV screen, to suggest somethmg s{}e mlght like to draw. Apparently. it

S " 3

suggested the use of the pen only. and /(o she drew her own symbols on the cards, and

-;ocoasionally on ofhér plec_es c:f equipment.
£ oA N . ”.:/’ . . )
o

- 1

[ ‘7* !

But drawmgs on a screen are not touchable. and the connectlon b’etween a card and its~

~ effect is not lmmedlatp or transparent smce one ﬂlust wait for a whole sequence of cards
o P

.before startmg a program Conjecwnng that the whole process was too distant and

!

symbohc for her at that time, I showed, her the floor turtle and placed a. teletype on(t,rt

\ " floor rlght next to the turtle 50 that she and the tu'rtle could hve ll'l the same world To . f

,v

' control the turtle. all* she had to do was press F for f rward, R for~r|ght turn, L for left
. turn. T for toot, etc. She knew her letters angl;l nalvgy dld not aSsume any. need to label
the specral lteys She was lnterested but had dlfflculty keepmg ;rack of the keys that

roduced an effect I put stlckers on each specnal key. Each stlcker showed only the same

er as the key it covered but the whrté sticker wnth a red |etter on it was enough to- draw
ERrs _. - F’/l ) SR . - :

appearing to do ‘spxrather delibeLately. She would press F several times, looking at the

’

. turtle, and then would press (unlabeled and functionless) M once or twice, a'gain looking

closely at the turtie. After a_while of active and very clearly mterested play (and some

P - q . I
. enthuslastlc commehts) she !#sade a label for th\rM bUtton Just like the l}bels I had made
’ e

for the other Special keys. She then tried playrns with the various labeled. buttons again.

Her attempt to give M a function was so very clear. The experiment gave her a great deal

‘ 3
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_/ : ‘ N
/ S - : t
) / 2 A ‘ . ) - - .
her playing/wﬁh' unlabeled buttons and restricted her activities to the ones she knew had an

eff’est_. It\was also clear that she could’ cause actions that she liked by pressing the right
. _ Ny, .

s ] i r\‘ Ee .
buttons. ~ As she gave the turtle commands to come and‘\go and toot, [ narrateQ the

-

s
- imaglnary scrlpt «~ "you.are makmg that turtle come td youh’ZS e dlrected th; turtle to)
‘ ~ knock.over 3 tower of small. wooden' b}ock% to cdfiie to her and" “fun away from her ané
. even to “talk” (toot) to her, at her command. (The descriptions of the turtle’s behavior, that
» A T *
is, runmng away” or; talkmg were USually initiated by _me, but she seemed to enloy my
chatter and occasionally plcked up on it herself) She was commumcating her own zdea: to .
LN
.., ~ . R h *‘: 3 ' .
' tlxat turtlz and she cquld see conststent ard c_{ear responses tog her communications. This power
. was real; she could see it! Her interest and mvolvement were easily apparent to me and
. her teachers, as she became more actrve and W‘és [more in control, bo;h of herseli nand of t‘l;e
2 e s My . . u,-. A 3 .
" " turtle than she had been edrlier. She also said, several times, "I'm so happy at that turtle.
: { ‘ y ) ’ - ) ° L] A': B 4 y ) \'IV‘ ‘
That turtle ¥Rens to me. Aren't you happy at mel" - - . yi
- . ' f .’ . .’ i ‘"- : 'r».‘ ’
: : . : SRS S
' . ’ .'1‘. . ’ L v - (l w' . 'r/ "'.i ’ ’ ; u“!‘:'
. [ . N o ' : . . B A e "y N R 2
i _ v 4 Joey's-First Wordsg- ' - \J { -~ LT
Ay
" Vot <L joey is 12 years oid. He is dlagnosed as autistic and "probably deaf.”
. i SN It is reported that he has never spoken, but he makes certain sounds
o » - repetitively at times. He does not respond to sudden loud soundg.
' but.then neither does he respond to cuts,.scrapes and bru1ses. even .
- { ohes that can be assumed to be fairly painful. He does not havVe the = .
Cr - <) common autistic hand or face mannerisms, nor does he "look =~ -”
B through” people as autistic children are famous for, but he does tend <
T .to ignore personal contact and withdraw from others. Some pe0ple 3
o ! S working with him guess him to- be brtght though nobody is in"a’
‘ s N R Pl ‘-u

posm{ to say how bright. u

50

»
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sign language or was even watch' g me. I was also constantly narrating

\

\ was thinking for the Eeneflt of his teacher who was sltt;ng nearby and to -.

RS N

help make our vu!eotapeq documentatlon a Ilttle more |nte|||g|b|e than it would have been

v : ¥
a wrthout amund-tmck We began by working with the floor turtle _]oey had pushed the

keys on the teletype for-a short while, long enough to see that the turtle could be controlled

that way, and then stretched out on ﬂ/}loor near the turtle; Ieavqu me at“the te|etype antl f

K ) -

resting his féet against=my knees. His interactions. wnth the turtle were now physlcal and'

direct. He made it draw by pushlng it around with his hands When shortly, the pen feIL L

out, he turned the tu&e upsrde down carefully. and Sde¥ the inside Dq ing th|s time he
.

w

JyF o~ = w o
B ¥ -

% did pot push the turt‘f,around, byt tried repe‘aw ‘the pén back nntg its cla‘m‘p,

L3 ; s N ,%
' presumably s0 that he could cantlnue to/(raw)> Once,

¢ succeeded in gettlng it to stay in

.

rtle. When the pen fell out again.

-,

for a few seconds and rmediately began pushlng the

/he stopped pushlng and tried’ to reseat the pen Anather time, he seated the pen securely

h "‘;‘5. - but not in contact wrth the flopr when the turtle was nght s?i& up. He dld not push the
oo NG
¥ turtle then and ed for a moment to have glven up, but after a \thle he tried agaln to.
. '_’ " 4\ ) k .. B
' adjust the pen It was very Elear what his iutentnons were and that he was willing to spend
L . \r

time and effort to reallze them. ‘It tock him almost sen minutes of careful aqd repeated and

e

mostly unrewarded effort before I offered to help He held the turtle up for me, whlle I

AR

adjusted the pen. When the pen was finally in, _]oey began pushlng~ the turtle in cnrcles. I

said "] wonder what-happens if I)plck the pen up and, from the key‘bcxard~ I withdrew the-

°

pen from the floor. ,_]oey seemed not tohotlce at flrst ‘and bwmented for the V|deo-tape, . '

He dldnt n(!otice he didn’t notice.” Joey &id Dﬁwn(and repeated the word several tlmes‘,

2

ic Y - R

~

t

T

Iy

/
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N 1 ) - . . . R .
) . .

runtll I madet e pen go down. He did not,push the turtle uptil I got the pen back down, at

- which time he became qunet for.a mom/ut and then spoke again. The words were muddier ?_,

v

this time. but sounded very ‘muth Itke 'Thank you™ - Joey spolu his first words on videotape

>

® and then went silently back to pushtng the turtle ) )
What seems most impressive is the possibility that the turtle might serve as a useful
- [ . . . Y . . - ' ’
. A ‘t . . § .
' ¢ intermediary between Joey and a therapist or teacher. Joey can relate to that machine, and
_ ¢rmediary y P \ y
< : .. B
ot is a relationship that can be shared wit/t another pe?Ton. as ihde_ed~happened-jin this - .
. : . ' o ! PRI
S e examplé-“ ‘IS also a relytonshtp that can change and grow with Joey, since the computer’s
R I RRRE U B IS :
c& ..
i usé and behavnor can be determtned entuely by _)oey and ht& téacher. .-
~-'r: E - B ¥
s 4.4 An Mtusuc ‘Boy -~ When i is Perseveration not Perseveration?
. ’E ' Kevin is Il years old He is also diagnosed as autistic. He is clearly
quite bright, and his arithmetic and spatial perception are both .
. A
L £, + excellent as is his reading. Although' his-speech is oftén .
: . cm'nmunicat}ze it is unmistakably the stereotyped and formal speech .
- " A ~so often noted in autistic adolescents. It is'not always possible to =
~ " make Kevin "hear” what, has been said to him. His behavior shows
¢ the rigidity and perseveration characterlstlc of autism and his
attention span i is described as short.
One cause of perseverative behavior is fear of new choices, comfort that the current
s , . - )
behavior is understood and safe. It was not obvious that this was the principle cause of
S Kevin's perseveration (as it very often i5"-'among_ mentally~retarded adults). but it seemed to
S o be so. For Kevm the \computer dffercd chances to. Perseverate w:thout being bored orb'

s

behaving lnapproprtately Importantly, it also offered the opportunity to play wnth new

e
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&

behaviors in a context that was relatively safe. The activity we began with was.an aim-the-

arrow gameon a TV screen’ Theré was a small bullseye in the center of the screen, and "

somewhere on’the screen an arrow pointed in some random direction. Kevin would
Y \ b !

command the arrow to point right or left and, onc'e' it was aimed at the target, would tell it

- N

what distance to shoot. If his aim was. correct and "he esnmated the r"ght %lsiaﬁnce. a bell
2
~ :< )
would ring and he would '-?';oré a. point.. He had to specify angle changcs in degrees right

Y . )

"or left, and the g%gtancé,to shoot was measured in hundredths of an inch. He had had no

4 P} . . .

geometry training before, and did not know any angles’ measures and did .not seem to
' . - . '. !\ - - “ '

understand anglc measurement well. Thus/ when he gave turning instructions to t_bcr'arrow,

.

he was perseverative and tended.lo use o Iy Iarge numbers that't:nded with 5, like 165 and'
!

155 whxch were his favontes In fact, tha dnd not matter, since enough of them did tend to

+

~aim ;he_, turtie and he had the patience asté interest to repeat the commarRis many times.

When the turtle was very well aimie_d. he would stop turnifig an'déshoot. This was not the
only way PPhowed that his obviously perseverative behavior was nevertheless mindful of
a goal. On occasion his teacher and I would show him new angles to try, like 45, 90 and

180. He tried some of them but for a long time' he would return to 165 or some other angle

aftefward. The only time that he would consistently use an angte that was not in the mid .
Y g .-
T , / C

“hyndreds and ending with 5 was when the aim was very close but not quite on target. He

k4

w_could then be convinced (but never at other times) to try a small number ‘ff}Ze'll (his age).

l. - - . B
L

- 'Hls use of his- pecnal numbers was Iess appropnate for estlmates of dlsrance since each

ti‘m'q hc shot, the arrow was placed in q new place. He could see tHat some simpie changes ‘
in his be’h’aq\l'lér'(the'dlstance he chose, for example) would peruce a desired effect (hitting

v 53

(A0 ‘l;



™

Computer as Prosthesis 50 B - C'-olden"berg

»

A the target more often). He began using a ruler to measure the distance to shoot the arrow
rather than guessing the distances all the time. Over the coursé of approximately an Aour |
\ 4 : and a quarter of enthusias;ic"plzy_mg. he_became‘ more and more Jeliberate in his use of
. angle as well as in his distance judgment, and he built up~:a.'coﬁs§_;.i‘e}-§b|e'~scorc.
N
*45 Thomas -~ Maps and Phone Books: -
Thomas is nine years old and autistic. He attends a soecial class along with six other
. autjstic/or autistic-like children. His teacher describes hipx
g : / )
At the beginning of each morning, the group is situated around a
e o . table as we begin the group language lesson. Tom..[has] no idea of -
" ~ what 1s happening around [him}i, Tom responds only when called
. upoil and in most instances [only after I prompt with] two or three -
. repetitions o esiren: response... Tom screens out everythmg.
' o interacting only upon r st and wnthdrawmg back in"hjs own
. world. [H\e]..,ha.ﬂ;iemely ort attention span and is able to
' : answer 607 of the ti riectly after being cued several times. .
. . i PR a
Communication is extremely difficult. For example, when Fommy
- has.reached his primary frustration level he purses his lips together ‘
and will pinch your arm. Peak frustration level involves crying and
pinching, both of which subside almost as qunckly as they-came %
v
when interaction 1s halted. 0 . _ . o
. .
- His academic ability is beyond hi¢ appatent use for it: he is reported to flip quickly -
R through the TV Guide and have read and memorized all the TV specials and movies t“t:n'jL é
. . ‘ SRR
L . the week. He also remembers detalls o’ car trlps and map directions phenomenally well’-' * ,jz e
.

, - -
] i \

His special interests are hand calculators and telephone books.

-

. -
L

He was brought to the Logo ‘Group ith two other children from his class Our lmenuoh

5\7
s ¥
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7 Y A
\ ' was to have the phaysical floor-turtle ready, ,as_.its physlcal presence ade\re\al movement |

seemed' more easily pfrcelvable and less abstract than the screen d\rawings, but problems ~

A}

prevented lts use We had already set up some drawin s to allow the cthdreh to, .~

o '_ make lines on the screen regardless of what keys they pressed on the teletypes. Indeet} N 8
Tommy,dld not seem at all lnterested in the sci'een, but after Just randomly (?) pfressnng a

,- ‘.

L / few keys, he began to type seriously. As he typed each letter, e would say the letter ina

\

tense, strangely mechanlcally intoned voice. . . -

-

METHUENMALL MACDONLADS BURGERKANG SEARS

"_yl am not familiar with Mjuen Mall, and"therefore do not know if those'sto'res were from

that shoppjng center or not. It didn’t matter. He repeated the t'yping and spelling over and

{
(%

- over, cleaning the line if he made a typing ymistake and..re eating the same spelling errors.
yping ' rep g P g

N\
He never omee pronounced any of the words he had typed, but he said every letter. The

L]

computeys(eht down. I raced off to restore it. When I returned, a téacher who
L ? '

accompanied the children down was trying to attract him back to the computer, but Tommy
. . N P

LN

o . '
was heavily into a telephone book. “Ignoring” Tommy, I sat down at the computer and
B typed&élETHUENMALL I read the word out loud and wondered audibly what word »

‘should follow it. Tommy left the telephone book oEen on t\he floor and sat on my lap,

l,

i Ao

-grabbed my hands Vplaced them on hls stomach and continued t'hefyplng. again saying

. t | each letter as he typed it. *began to recite .the letters along with him. At first, I used my
own voice, say'ing each letter- wrth the shghtly rising inflection that I normally use when

. listing thlngs My syllables were short and each began louder than it ended. He continued

' "his chant, each letter drawn out on one pl[Ch at one lntenstty. unchanged and unchang:ng. :
' F.'-_'-. . . ' C .
. ' TN T
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\l-declded to try the drorre myself When Icopled h|s chant exactly, he reduced the tension -

»
. ’ /‘

in his voice. His' syllables became shorter wnthout belng clipped, he droppe\a the mnens:ty

S @ i
ST _ durmg the vowel, and allowed hls pltch tq drop,, tgo If I stopped speakmg wnth him, he
- )‘lould go back to the mechani&drone. But |f_I continued to spell with him, -using’ my own

- '\_‘ »

\

. - - : 4 N z ) : —
voice at this time, he would spell several letters in'a clearly njrmal voice -- one I had never® (- __——.
ot

- ~ heard him use' He would return Yo the drone after a few letters, and, agam. would stay

'_ xl 8. v q,’ .
A \

droning 1£»'I persisted in usmg my voice o?dthermse did not drone with him. At one- tlme. .
&

during, BURGERKANG, he said the A with a vernquesuomng vonce I sald P" -and he = '

. . LA

":\; . cleared the line and typed the correct spelling. He got -up, went over to the phone book, R
/——// looked at it without touching it, returned to my lap and correctly spelled MCbONALDS 7 ¥
The phone book had been open to that pa;g/ I along Frequently. th he flnlshed a

word, he would flutter his hands in front of hf eyes.” H€ seemed (pieased at these times. If ‘ f
- - ) "

I tried to copy that he would grab my hands and pJfce them on his stomach again. Much ~
of the time, he would rest his cheek against mine and occasi‘onally, with apparent

excitement, took my hands and*made them squeeze our two heads together gently. In what }
. ' o : ’
: " ways was the computer better for him than an electric typewriter. T e oseinnally asked
- myself, since he was not making any use of the drawing or other features: B&Jt he showed

" \swer himself as he |earned'ls2w/m/clear the screen to hide alf of his past work ?d

Y ) ‘f o ." | .
v s get rid o&any mistakes hewmade. : : /

Q )
g L'y * . . %
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Y nneug, a Frightened. Cll‘l 4 P .
AT
v Annette is 14. She is a prwtty child with an engagmg smnle“ﬁrnght \
\ -eyes and no vnslble handicap. She has severe’ language and \ - o N
‘ L\ moderate Iearmng disat\l{nt{es including we(aknesses .in space o
> .percepuor\' some ‘apraxias'and astereo}{nosls (poor tactile '
: > H\iscnmlna ion and/or recognition). She can match pictures of &
. - - ob jeet§ and reads at abotit a first grade_ level, though with, some
LA </ 7 marked syntdctic weaknesses (as meas by arranging. pn nted)s
N words into_a sentence). Her speech is’ ::fs limited, both in #xtent ‘~ N-f
L \\./ ". and imclaritx I have not yet heard her say more than two words in _
j T single utterance. Yet, she enjoys smgnnng and. seems grgatly to N :
: prefer it to speaking. Her record’ stages that in a_test situation that’, ot v\/
required her to respond \'erbally, sh¥ became frustrated and was - P <
o . twice near tears, but when in anoth i tesnng ituation it was not o .. .

, " necessary for her to talk, "she smiled a lot arid really appedred to oL
i e enjoy herself.” /She can add’ on her Tiffgers and: was learning the _ y
Lo - ‘order_of the alphabet-the first time-I met her. Though her ] \3
Ay . ' T diagnoses have included behavior disturbances and mental v <0y
;2-». * retardation secondary to brain d,rfmage her language processlng is 50

weak that it.is difficult to be certain about the extent of her
potent'ial.‘ ’ '

77 S
Unlike the other children foL whom there is a relatively circumscribed harrrdicap that the -

a4 .
computer bypasses or ignores, Annette goes slowly with everything. The“most pressing . M
. | proble’fs, liowever, seem to be her disability with language and her |ow~‘im‘age of herself as

a learner and we can deal directly with those. We must bypass the-language problem ir(/

I

much the wiy that we do with the autistic or. deaf child by presenting the minimum

language needed for the prc\)\j&b" desired. For Annette, pictures or ideograms might be
’ ‘\ . A

T . — u
better than _Ietters,éespite her ability to read, to minimize the threat that come&w\ith
) . -~ . 3

. ) L. .
anything academic. -Working with her was difficult, as she is vemnew

P . . \\,
tﬁngs. *She and I personally get along" nicely, but she could nof get near the computer

¥
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. _ doing "Q“" ping W'Mle Annette"kl bitzeds. The pamhg was e;pfﬁw,aﬂy ,intrigui‘ng* since’, -
SN e v Ty in \ '

TS Linda has a ph\mcal l:;ndlcap bm is less academlc?ﬂy retarded than, Annette. 1 memP‘ed ,

'nnette i thls way, wlth a fr;end but she was brought alone to’

“ to contmue workmg/w\b
- | - ‘ N - .
‘the nexé’ymon and wo Id not tr anythirg, apparently fearing some kind of ,a test was S
o = b S N

interactﬁvith me. only‘sfhrough the mﬁéhine., Annette seems to

mvolv:deLst as _]ogy coul

T be able to interact with the \ chme only through a frlm\jll, the interaction was real, ¥
. : réja, . \ 7 - . i
e ,Sghe'-‘.fE:f designing the, exger ments to try and watchlng [hf results eagerly. two behavnors
RS that are unusual for Annette and reveal aspects of her mzqd Lhat are otherw_lse very. m(_ch .
: ' . . P C ~
f_" . + hidden. :

s ) ’ ' o . :
. - B . .
) . . . .
C e
. R v
N -
it . R

"Mental retdtdation” i} a term which refers, vaguely, to a low level of functioning. Theu

!

~_"

notion thatfit is a unitary condition, "the cause” of the low level of “functionihg, is wrong, |
- k . )%pliins noihing, and impedes progress in the education of the mentaily retarded. Irwould
' '

be delightful to d_isc\ovfér

combination of severe languagé-hjndicaps and associated severe emotional problems. This

Annette’s handicap is due to nothing more than the

~

[N . - ) .
“would give us a\better idea of how to-treat her, but even if we cannot get a more detailed s
. v - = o ' | l( ¥ ‘ '

‘or accurate picture than that provided by the diagnos’i}s of MR, we need not be . / -

[N
N »

disappointed. Her problem, as opposed to our problem with her, (and this really applies to
every one of. the children I've described as well as éverykld and adult [ have not

described) is having a rich and inteﬁs‘ti/ng and esteemable life. That mg?. rtainly be

| enhanced by seeing oneself as a communicator and an effector. - e
- : . o )
- - - é .58 -
- . X - - - \ ‘.
: - : . . :
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The communication. difficulties that j\onny (sectlon 14), _]ay Qéctlon 0.3), and Susan had
v ;o

were 7nmarily neuromyscular. They m) had Ianguage and comm)ﬁmcated 'l‘\eyta(tend'ed.‘ "

understood what others sald and spoke or typed thelr ideas.’ Nancy _]oey, Kevan and

<

w
Annette have severe -Ianguage handicaps. For‘_]oey, "o form of communication currently

3 ~ .

' works and all four have great d;fflcultles communncatlng. focusing ‘their attentton and..

( —

controhn themselves or their envnronments If w help them to commuhicate wuh
ing p

:.7 e
‘o

1

) o N
'

)
the computer --‘and via the computer ‘the world -- we must take these pﬁblems lnto
cili

i g
account. ~An mput device dlrectly sensitive to the child's proximity w

te in.itial —_—

oontacts ‘With such a theremin like input device, approach apd avondan}&wnth no. other L s
. - ! <‘./ - Lo
LN > LIV N N . 1'

dehberate action ‘can cause an effect. ‘The output device must . a?to be easy lo, atte\nd to . K
B @ L e

peripherally. A 36 square foot color TV screen on which one can draw in ful‘l\ color allows .

! s ./‘ -

a very Iarge effect for a very small effort /wthe chaid beeomes more mtereﬁ in; j { \

JN

' J 7 ol
whatever output devnce is used ({obot tu.,!le. color TV, muysic box) the: mpt;t aevxte;nust iié-\ .

L

. modified to allow greater flexnbnhty It must become less senslu]e to the chnld $ grt{ss Y
3

movements and allow deliberate choices while the. \Chlld stays near- or :n c0n’act with. nL ..; .

The gradual narrownng of the wmdow through which the (;hlld commu’nteates xnvolves a ' [

,kmd ‘of behavior shaping, but without the'hatlnng the sense of’_projpat@gfng: zon.trolling e

ild. WhatéVer communicative eff‘orts the c‘gnld makes rough’,out th;s entire procesg | 7" K
2 - ‘

~ockur only at his own dlscretnon and express only {vhat he chooses Botll t”ﬁe regulinzatno

the

~of communication (tl;e machine responds very p\ ) and the |ac f degiand (the - . 2
- — o

achine never even seems to want something from the chﬂd) m‘ay |p the child |earn how

F o . R . : ..
to commiuinicate more freely.g ’ ‘ ) : - 1/ e

P
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P ")f’.i’lan for Research: v Q‘J - .‘2.-,.: l R .
. ;- ‘e .
* The grand Msion is clear Some of the partlculars % whlih en‘vrronme ts might

o

. particularly sunt which chlldren - are also known. But a great deal of work remains to be

o~

\bne This kmd of -investigation leads us near the frontier of work with the handlcapped

. ﬂ 5 . " a.,‘ . o . ./ ,'“;
. % . Do ) " : , Czne Qtudent s En{ilence L S . S
- . " d cergbral palsied adolescent with no- effe tive uyse of hands, legs
- _speeoh Before the experimentyAtasted, ay had been experienced in ¥
ashead-sgigk wjth whigh he could type, "chough slowly and: . T
on a #tectric ty ewriter that was specially modmed to “-
o f\ave recesfed kefs to guar agatnst accidental key-pressing’ After = - '\

o only on€ day, (apbroxlmat-’ly 3 hours), Jay's teachers noticed a vast \
f( . .improvement in™Ais typing ability. In three days Jay had learned A A
o enough Logo to draw some very handsome plctures Theinterest” of SN

o
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. - & theSd Levents is greatly ln(reqseg by the éact that Uay{ intellectual
v o potennal had previously been assumed to be. extrémely low. Jay's
- . gperlcnce with the computer dethonstrated for the first time a high
level of analytlc and of spatial ability. lndeed, some puzzling .

. problems for developmental psychology are crznsed by the fact that a
goo 0T person who had never manipylated objects or drawings could

' perform so wella task requiring quite: gophlstqca‘ted spatlal

** + reasoning. The case study was conducted in a very Lnformal

- exploratory spirit byt nevertheless makes it quite obvio at more
s ‘work in thig directit could be extremely interesting f&*léeoreucal
psycho‘ogy besides being of more immediate practical valte from an

: educanc;\nal and humanitarian point of view. . ’ y
’ Y . ¢ . ‘ ) (

¥ “h

The Promise o .
. . s .
Jay's>achievements after (a short ‘time were aiready sigpificant]... -
. But the image we want to create here of the possible value of access
‘ - ——<lg the computer is qualititively very much more than even this. To
) ’ develop it we have to ask "he reader to grant that if _Jay could] learn . \
@ ©any significant piece of |s:’qgrammlﬁg skill in a few days ( ,dmon . ‘
. O\b ‘ our first presumably clunlsy attempt at teaching someone lik¢ him)
{ ) " then he could come to a high -enough degree of proficgency in the |
course of a few years to be employed ag 3 professional‘programmer. .
Naturally, this suggestion raises many questions about the broader
.. edutation e might need to operate effectweTy as aw?mputer (Oz/ N
. other) professional and the material conditions which ke §
' ~ possible for a person with his dlig;bll’mes to intéract with a |work,
rld We'clalm that our present stdte of knowledge makes these all}

. rou l :resédrchable questions/to which one can cxpect”wﬁh ,
’ A 7 |e confidence to have aggt¢ptable and demonstrated solutions \\m{
N " within a gars. [Goldenbe andﬁ’épert 1976] g‘ \Q//
. ¥ ) . | 5 . ‘ .o
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| *1 What Needs to bﬁ Don'e:v

" Following are three specific areas in which-,

511 Equipment Development: ) . \

In.the past several yeavrs,‘ﬂ-v"ariety of ele;{ronic xommunicators ha've.ap;tqe\d./[l_uster and -

A

. 'Vanderheiden 1974] \lesponsible developers who have stresséd the servic::é"-cdmponen; Lalfy'.
' ‘ -~ o’ oy
N . . . ' : Ce e
their work have cared not only—.:a‘lgput the conceptual fungtion of the devices, but also with:
‘. h - A - AN ) . .
theé,sturdiness, reliabilffy, maintainability, ease of use and attractiveness of the

}cominuniators._ The ideas was to provide a person such as Jay with a communication

system which can be ins‘alled,.in" its entirety, in his wheelchair, tph)e his property and stay

N with him, \just as his eyeglasses do. It was also deemed impbrtant that the user be able to
% ! . I

v a

- - . A’ 1" . . ' )'.. . . . . . i

use the aid flexibly in recreational, educational and vocational settings. Only with the |
recent avaiIaBi"I'\tZ of inexpensive, powe:ful, small cdmputers could some of these goals be
> g [ . -

l Yy v .

. _use of the user's capabilities. The flexibility to have er-variable cho‘ce's on a direct-access ]
lap-tray is part of the Autocom (Vanderheiden) and the TIC (Foulds) rmakes-use of English

RS

S, . ' e
/ rthographic statistics to abridge the time needed to spell a word’,

Q

o o . v
makes possi ll’mﬁ'open up which were not even conceivable before. The ultimate

/
' / .
‘communication device should provide capabilities for speech and graphics and m£1_sic‘ and
-, . NS C

' : . ‘s . \ . ) B '
locomotion in- addition to the'pgduction of voice or text. If it is to be therapeutically, -

. . ] . P . . ‘ , .‘ . . ,_-vw. )
sound, it must make use of the persunss strengths in such a way as to increase his
. ' ; Vi . ) B . - )
example, the therapeutic use of the sp{;’ken word

.

independence. Récall, for a particular

.
Y

(

VO )
_‘B{Jt_ the microcomputer -

[

realized. Smart communication devices can anticipate the user’s needs while making good i, =~ %

\ v
A

A
£
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recognizer. (See section 2.23) Also, the fact that a corpputer can make communication not ¢
. ;:
. I )
" merely possible, but quite-practical offers the motivation to expand that communication
" . 3 \ Y
beyond the expression of physical or work-related needs. It shoyld be pointed out «hat the.

X J
technology necessary to implement this dream is all currently available, though not\yet/’
AN
A J

future development whose tme)tk:ble is as
\

, assembled and utilized in the optimal way. Thus, this dream does not depend 6n some
wogknown. The equipment development

program would’%'be dependent oh the goals and flndtngs of such research as is described

e L

A
below and would stress tl<1e building of an optimal device rather thané,t_he ddapttng of some
~ | l N
device that had originated for some other purpose.

= S - :
’ gt . ~‘_‘
5.12 Research and Devel’bpnient in Psychology and Pedagogy: '_‘

S
Cu>r|cula that currentl have what mi ht'be&:alled’ cultural biases against people like
y g g p
; ‘ , h -

\_]a/y They tacitly asspme a very large set, of experlences that _]ay h‘as not had.. If we try to

[ ]
A}

teach him without being sensitivetQ this fact, we may mi,sinterpret his faiiures as indicators

-

of his potential-rather than indicators of his readiness. The fact that this kind of error can

be made is illustrated well by _)ay Because Jay was able to type, and b Tuse he stll)
\ ¢ L

e \. et . //\

\ Dshowed very. limited intellectual performance\some of the people workmg\wi@ hw

_ﬁ’
N

con51der it safe to accept, mental retardation as part of this dtagnosu If any-p’aft of the
i g \
nor?nal ch|ld s difficulties’ ,w:th math .comes ?rom h|s view of it as a- useless exercise, how
: . &
much more true that must be for someone whose ma jor life issues have always been trylng

N g Lo s
A ‘. .
’ -

'-:-i.

to communicate where yow’urt or _when to turn on the TV. Though it comes as no ~

surprise that there are children whose intellectual potential remains largely undiscovered,

™~ ' 63
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b , / ]
each child that we . work with makes ltga?nfully clearer thay tl:\ number of children whose

mental life hag been written off may be vastly greater than the most optimistic of us have, -
Y /

e , \ *;.f/

S
v - %
: s

Research must also be directed toward understanding where some of Jay's surprising
A

ever guessed.

,,‘--'

abilifies come from. _]ays sensttlvnty to’ aﬁﬁfmand dimension (though he has never

,!
' o

physically manlpulated these varnab&es) needs more study. We neéd Hearer pictures not only

~

of what is lacking in the handicapped. child’s mental map of the world, but of what is.

present. Research in the spirit of, Piaget and without our cultural biases is certainly needed.
~ 5 kY
‘/.\ , . ) £y ‘

e

Some specific experlments in edl,icatlon and habilitation must be tried. A Chlld s progress

in breath control may be a clear milestone to a tralned speech theraplst and still go totally
v A B
undetected by the child who hopes to learn((o speak The spoken word recognizer may

P .

prov1de a tool bx which the chrld can gain feedback and put his vocal efforts to use. The

ﬁ D

pleasure in controT)and the conf:dence that progress is posslble -- not to mention the *

coﬁs;ant practice that are an expectable consequénce of that pleasure and confidence —

. . v .
B ’ ) - . * . a

should vastly incfease the succes$ of the the‘rapy.\Ex'periments to verify this con jectyre-are

s N . v €
5.13 Experiments in vocational training:
. ' : .
Thought must be given both to the kinds of Hbs' that would be suitable for a person like
. .
Jay or Lisa. Consideration muit ba given not-orily to the physical manageability of the job,
P U

S e
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AN . .
( but to tha(penonll satisfaction that one can gain from it. Occupations involving the

, mampn«latlon ‘of informatlon and which do not requsre much phyncal mobnhty or_

S ige
s ol"

manipulation come to mind. For c){amplc computer programmmg o,}n bc done at one’s
own home if mob"llity were a problem. Similarly, reference library work and manuscmpt

- o N : <
editing can, when needed be carried out rcmotely.-' But we cannot blindly assume that by

-

provndlng communication equipment alone, the remamder of educating these chents for

their jobs will yllpw a normal coursc As with other curncm&? we must Tealize that (he
. Lo ’ .
student’s real handxcap is his re'iatlvew diminished ability' to"adapt to our fal ings in

N hd

' teachlng and that we must therefore tailor both mode of presentanon and actuql content in

~ -

reasonable ways. ThlS calls for a careful analysis of what knowledge and abilities are rcally
necessary for g particular job and must of course account for t(inon-normal background

of the student. ) '
. ) , . N ’ \v 0

For examplc‘ pairs of people who mlght singly remain unemployable can potenually be
cmployed together in innovative ways. The phyncally hﬁilcappcd pcrson who, dcspuhﬁ!\

aid of a computer still nceds considerablc'physical aid and care in order tp interact

successfully with his work environment may in some cases be .provided that aid by a
’. o 7 ~ . .

retarded worker whose employability and socigl contacts would otherwise be limited to the

sheltered workshop. -Thoughtful efforts must bednade in develobing an appropr'iate

. . T L .
educational program to help a retarded person assume such a role. * ()/
) o . . 4 t .

%&f . . . . L) -

| , \Q
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5.2 Clinical Use and Demonstration Centers:

gfbernments “in vitro™ as described above have the techhoioglcal flexibility and staffing to
" have the wildest d'reim?s and make th;crn come true, but do not have the variety of users

. . w °
(both .students and teachers) that “in viv>" experiments do. The latter offer more feedback

- ) ) _ :
.oh the clarity of the curriculum, the generality of its usefulness or interest, and the

’

1 4 - . . a -
suitability of the equipment. In addition, the different perspective of field usé¥s may

furnish a wealth of ides that are not so readily gained in a laboratory setting. The

-

practical considerations of packaging an economical, giysically stable, and easily exportable
) ' : ' .

** system for general use with severely handicapped chiidren must be examinéd closely, and so

, / .. v

it will be n y to form close working relationships wity/treatment centers and schools

. /
v e

Mountain Center.

4 . , 2 v .
’ : -
,, ¥ \
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NOTES

2

1. Our experiences with severely physically handncappéd chtldren ralse such important
questions as these: How active must active be? How much of a child’s experience must
Qe physlcally active for him to create an internally active mental model?

2. One such experience is mentioned briefly in secuon 4.2 of thiy paper and ‘is recorded on
vidco(a\pe The Wier and Emanuel work is also vldeotaped

3."The children described are ;Bal but dames have been cha.nged and identifying
Informanon has been changed or deleted. -~ -

. It is interesting to note that the dominant philosophies regarding the use of sign
language in the education bf deaf children hardly take my note of the difficulues of
visual transmission of English, whose natural modality, both historically and
developmentally within each hearing person, is audltory

=’ : ﬂ\s

5. "Voluntary motor control” can be anv voluntanly controllable and measurable efferent,

“and need not be a coordinated movement. '

~ . 4the continued predominance of strictly ofat schools'for deaf children, which sefms
" Incredible, in the light of the research [Vernon and Koh 1970, Vernon and Koh 1p71),
there is ‘an increasing number of schools which are beginning to allow, or, better 'yet,

use sign Ianguage A casual look at :he society of deaf adults telfs us that signing 1s nof
merely an “interim way” for the child to communicate, and yet, for the most part, even

the schools that most freely accept signed communication tend to regard the Ianguage
ethnocentrically, treating it only as an auxiliary language, something which may be
valued as a kind of teaching tool, but never esteemed along side of English. David M.
Denton, Supermtendent of the Maryland School for the Deaf, must certainly be
considered one of the strongest and most conscientious supporters of total
communication for deaf children. [n an article supporting its use [Denton 1970), he
quotes the definition of total communication: "By total communication is meant the
RIGHT of a deaf child to learn to use all forms of communication available to develop
language competence. This includes the full spectrum, child devised gestures, speech,
formal signs, fingerspelling, speechrzading, reading and wrmng (my italics) Perhaps

no special emphasis was intended when “language competence” was chosen instead of

‘ , . something like “intellectual strength, the knowledge oj self-worth and social Sfluency,” but
/ neither have I seen explicit acknowledgment that |anguage is not an end, but a means
(except among the radical fringe -- [ know of only one such who is a supporter of

Ameslan [Fant 1974]). It is rare'for sign to be taught deaf children with the same

< deliberate care and pride that characterizes the teaching of English to either hearing or

67 - i

6. An interesting case in point is sign |anguage€.([Ma‘rkowicz 1972, Woonqrd 1973]) Despite
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7. Personal communication from dlln(on Hilliard, Director of Communication }'h@rapy at
Crotched Mountain Center, Greenfield, New Hampshire. S

3 N -I‘,V‘.'V'A
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oy

7

. X ¢

8. 1 will often have occasion to use the word “program ® The word always suggests

planning whether one refers to 2 remedial reading program or the technical sense of ‘a
computer program (procedure), bu: | will use it consistently with the non technical

meaning, suggesting the idea of a language arts program, a TV program,

- an afrcr

dinner program -- always like ap arrangement of events, a menu or perforf arpcc and .
pever hike the work of a computer programmer. That latter item -- a set of insiructions

.

"-to be fellowed by a machine’ or a pcrson -+ will be referred to.consistently as a
proce-durc (Indeed, a computer might “put on a program® just as a dance tréupe mlght:
~ and each would execute one or more proccdurcs todoso) ; ¢

-,
'

9 Wier and Emanuel [Wncr and Emanuel 1976) refer to the pa;slvc pupil role vand t,he _ T
. , “emotionally committed role” of their autistic student, David. When David .was being ‘

. taught, when the agenda was not his and the activities were not thorq\aghly within his

control, he "acted autistic™ and assuined the passive role. When Ae way. the agent, ;}\e
4 ’ ' researchers observed increases in appropnate spontaneous speech, ,4mprovemems >

vocal tone, changes in body posture signifying interest and mvolvemcm ‘and obv:ous

pleasure. “

Caora
‘. v-' *

,\,,'. . . ) \
-

- . .

'

10. Personal communication from Daz.uel Marshall at the Easter Seal Socnqy lm.Manchestcr

New Hampshire.
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